WO 97/36864 PCT/IP97/01017

DESCRIPTION
BUTADIENE DERIVATIVES AND PROCESS FOR PREPARING THEREOF

TECHNICAL FIELD

The present invention relates to a novel butadiene derivative and a novel
pyrrolidine derivative, both having excellent activity for inhibiting the activity
or production of type 1 plasminogen activator inhibitor (PAl-1) in living body
and being useful as an antithrombotic agent, and processes for preparing the
same. |
BACKGROUND ART

Thrombus means the blood coagulation condition in the heart and the
blood vessels of the living body, and by which the blood vessels are narrowed
or occlused, and then, the circulation disorder is led in the tissues being
dominated by said blood vessel, and the onset of necrosis or edema occurs in
these tissues. As a result, various arterial and thrombotic diseases are caused
such as myocardial infarction, intra-atrial thrombus-in atrial fibrillation, arterial
sclerosis, angiﬂa pectoris, stroke, pulmonary infarction, deep venous thrombus
(DVT), disseminated intravascular coagulation syndrome (DIC), diabetic |
complications, restenosis after percutanous transluminal coronary angioplasty
(PTCA), etc.

Various factors are considered to participate in the formation of thrombus,
for example, the change in the conditions of the blood vessel wall, the change in

the blood flow speed, and the change in the components of the plasma. The
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components of thrombus are, for example, platelets, erythrocytes, leukocytes,
fibrin, etc.

In many cases, the fibrinolysis (fibrinolytic system) is secondarily
activated in the living body in order to lyse microthrombus being formed in the
living body. For instance, plasminogen, inactive precursor, is converted into
active plasmin (a protease existing mainly in the plasma) by a plasminogen
activator being specific to the active site thereof (PA; tissue plasminogen -
activator (t-PA), urokinase plasminogen activator (Q-PA), etc.), and activated
plasmin can interrupt the lysine-bond of polypeptide chain of fibrin, by which
thrombus is lysed. On the other hand, the activity of PA is controlled by its
specific inhibitor, Type 1 plasminogen activator inhibitor (PAI-1).

Therefore, the activity of the fibrinolysis is determined by the valance
between the amount of PA, and the PAI-1, both secreted from the vascular
endothelial cells, and the increase or decrease in the PAI-1 production in cells, or
the change in the activity of PAI-1 molecule per se immediately affect the
fibrinolysis in the blood.

In another word, it may be possible to prevent or. treat various thrombotic
diseases represented by the above-mentioned diseases by acting directly on the
vascular endothelial cells and inhibiting PAl-1 activity or the production thereof,
and by increasing PA activity.

Under the above circumstances, there have widely been used enzyme

preparations such as tissue plasminogen activator, urokinase, streptokinase, etc.

for lysis and prevention of thrombus. These drugs have, however, some deficits,

for example, they are rapidly inactivated in the blood and as a result they lose



10

15

20

WO 97/36864 PCT/3P97/01017

their pharmacological activities in a very short time, or they can be administered
only by parenteral route but not by oral route.

On the other hand, EP-A-563798 discloses as an antithrombotic agent 3- |
{(E)-benzylidene)-4-[(E)-3,4,5-trimethoxybenzylidene}-2,5-pyrrolidinedione and

. {E)-2-{(E)-3,4,5-trimethoxybenzylidene]-3-carboxy-4-phenyl-3-butenoic acid

methyl ester, but these compounds also have some deficits such as less bio-
availability, less safety as a medicament, and stability thereof, for example, (1)
low solubility in water, (2) easily metabolized in the liver, (3) toxicity against in
the liver and chromosome, etc.

Besides, Nouveau Journal De Chimie, vol. 1, No. 5, p 413-418 (1977)
discloses benzylidenesuccinic acid as a product of reduction of electrolytes, but
the pharmacological activities thereof have never been disclosed hitherto.
DISCLOSURE INVENTION

An object of the present invention is to provide novel butadiene
derivatives and novel pyrrolidine derivatives having no drawback of the above-
mentioned conventional antithrombotic agents, which can be administered
either orally or parenterally and show an excellent antithrombotic activity.
Another object of the present invention is to provide a process for preparing
these compounds.

The present inventors have intensively studied and have found a novel
butadiene derivative and a novel pyrrolidine derivative showing excellent
antithrombotic activities by inhibiting the production of PAI-1, and finally have
accomplished the present invention.

That is, the present invention relates to a butadiene derivative of the
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formula (1-a):
R! @—R”
N
(1-a)
(e g
(0]

RZ
wherein Ring A is a substituted or unsubstituted heterocyclic group, ora-

benzene ring which may optionally be substituted by a group selected from a
lower alkyl group, an alkoxy group, a nitro group, a hydroxy group, a
substituted or unsubstituted amino group and a halogen atom,

Ring B is a substituted or unsubstituted heterocyclic group, or a benzene
ring which may optionally be substituted by a group selected from a lower
alkm-(y group, a lower alkylenedio:-cy group and a di-lower alkylamino group,

R1 and R2 are the same or different, and each .are a hydrogen atom or a
lower alkyl group,

one of a group: ~COR32 and a group: ~-COR42 is a carboxyl group, and
the other is a carboxyl group which may optionally be esterified,
provided that both Ring A and Ring B are not simultaneously an unsubstituted

benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B
is a substituted or unsubstituted heterocyclic group, or at least one of R! and R?

is a lower alkyl group, or a pharmaceutically acceptable salt thereof.
The present invention also provides an amidobutadiene derivative of the

formula (1-b):
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wherein Ring A is a substituted or unsubstituted heterocyclic group, or a

benzene ring which may optionally be substituted by a group selected from a
lower alkyl group, an alkoxy-group, a nitro group, a hydroxy group, a
substituted or unsubstituted amino group and a halogen atom,

Ring B is a substituted or unsubstituted hetérocyclic group, or a benzene
ring which may optionally be substituted by a group selected from a lower
alkoxy group, a lower alkylenedioxy group and a di-lower alkylamino group,

R! and R2 are the same or different, and each are a hydrogen atom or a
lower alkyl group,

one of a group: -COR33 and a group: -COR43 is an amidated carboxyl
group, and the other is a carboxyl group which may optionally be esterified, or
an amidated carboxyl group,
provided that both Ring A and Ring B are not simultaneously an unsubstituted
benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B

is a substituted or unsubstituted heterocyclic group, or at least one of R! and R?

is a lower alkyl group, or a pharmaceutically acceptable salt thereof.
The present invention further provides a pyrrolidine derivative of the

formula (2):
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wherein Ring A is a substituted or unsubstituted heterocyclic group, or a

N—R’ @)

benzene ring which may optionally be substituted by' a group selected from a
lower alkyl group, an alkoxy group, a nitro group, a hydroxy group, a
substituted or unsubstituted amino group and a halogeﬁ atom,

Ring B is a substituted or unsubstituted heterocyclic group, or a benzene
ring which may optionally be substituted by a group selected from a lower
alkoxy group, a lower alkylenedioxy gfoup and a di-lower alkylamino group,

R! and R? are the same or diffe;'ent, and each are a hydrogen atom or a
lower alkyl group,

RS3 is a hydrogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted amino group, or a substituted or unsubstituted
nitrogen-containing heterocyclic group,
provided that both Ring A and Ring B are not simultaneously an unsubstituted
benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B

is a substituted or unsubstituted heterocyclic group, or at least one of R1 and R?

is a lower alkyl group, or a pharmaceutically acceptable salt thereof.

The heterocyclic group for Ring A and Ring B of the butadiene
derivative (1-a), the amidobutadiene derivative (1-b) and the pyrrolidine
derivative (2) includes, for example, a 5- or 6-membered nitrogen-containing

heteromonocyclic group such as pyridine ring, pyrimidine ring, etc. Besides,
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said heterocyclic group may optionally have a substituent, such as an oxo
group, a hydroxy group, a lower alkoxy group, a halogen atom, etc.

Among the substituents on the benzene ring for Ring A, the lower alkyl
group is methyl, ethyl, propyl, butyl, etc., and the alkoxy group is a lower alkoxy
group (e.g. methoxy, ethoxy, butoxy? etc.), a lower alkylenedioxy group (e.g.
methylenedioxy, etc.), a cycloalkyloxy group (e.g. cyclopropyloxy, cyclopentyl-
oxy, cyclohexyloxy, etc.), and methoxy and cyclopentyloxy are preferable. The
substituted or unsubstituted amino group includes a di-lower alkylamino group
such as dimethylamino, diethylamino, etc., and the halogen atom is fluorine,
chlorine, bromine, iodine, etc., and chlorine is preferable.

- The lower alkoxy group on the benzene ring f_br Ring B is methoxy,
ethoxy, propyloxy, butoxy, etc., and methoxy is preferable. The lower
alkylenedioxy group on the benzene ring for Ring B is methylenedioxy,
ethylenedioxy, etc., and the di-lower alkylamino group is dimethylamino, diethyl
amino, etc.

The lower alkyl group for R! or R2 is methyl, ethyl, propyl, isopropyl,
butyl, etc., and methyl is preferable.

When a group: -COR32, a group: -COR42, a group: ~COR33 or a group:
—COR#3 is an esterified carboxyl group, said ester residue includes, for example,
a lower alkyl group (e.g. methyl, ethyl, isopropyl, propyl, butyl, etc.), a lower
alkoxy-substituted lower alkyj group (e.g. methoxymethyl, 2-methoxyethyl,
etc.), and methyl, isopropyl and 2-methoxyethyl are preferable, especially methyl

is most preferable. When a group: -COR33 or a group: -COR#3 is an amidated

carboxyl group, such group includes, for example, a carbamoyl group which
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may optionally be substituted by one or two groups selected from a substituted
or unsubstituted alkyl group, a substituted or unsubstituted phenyl group, a

substituted or unsubstituted amino group and a substituted or unsubstituted

nitrogen-containing heterocyclic group, or a group of the formula: _ CO-N(@)
wherein Ring (a) is a substituted or unsubstituted 5- or 6-membered nitrogen-
containing heteromonocyclic group.

The substituted or unsubstituted alky! group. for a group: ~COR33, a

group: -COR43 and R’ includes, for example, a lower alkyl group (e.g. methyl,
ethyl, isopropyl, butyl, etc.), a pyridyl- or 1-oxopyridyl-lower alkyl group (e.g.
pyridylmethyl, pyridylethyl, 1-oxopyridylmethyl, etc.), a piperazinyl-lower alkyl
group (e.g. piperazinylmethyl, etc.), a piperidyl-lower alkyl group (e.g. pi_pétidjl-
methyl, etc.), a hydroxy-lower alkyl group (e.g. hydroxyethyl, etc.), a di-lower
alkylamino-lower alkyl group (e.g. dimethylaminoethyl, diethylaminomethyl,
diethylaminoethyl, etc.), etc., and the substituted or unsubstituted phenyl group
includes, for example, phenyl, a di-lower alkylaminophenyl group (e.g. dimethyl-
aminophenyl, etc.), a morpholinopheny! group, a lower alkylpiperazinylcarbonyl- |
phenyl group (e.g. methylpiperazinylcarbonylphenyl, etc.), etc. The substituted
or unsubstituted amino group includes, for example, an amino group, a di-lower
alkylamino group (e.g. dimethylamino, diethylamino, etc.), a morpholino-lower
alkylamino group (e.g. morpholinomethylamino, etc.), and the substituted or
unsubstituted nitrogen-containing heterdcyclic group includes, for example, a 5-
or 6-membered nitrogen-containing heteromonocyclic group such as a pyridine
ring which may optionally be substituted by an amino group, a lower alkoxy

group or an oxo group, a piperazine ring which may optionally be substituted
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by a group selected from an oxo group and a lower alkyl group, a piperidine
ring which may optionally be substituted by a lower alkyl group, an isoxazole
ring which may optionally be substituted by a lower alkyl group; a pyrazole
ring, a triazole ring, or a pyrimidine ring.

The nitrogen-containing heteromonocyclic group of Ring (a) includes a
S-or 6-mefnbered nitrogen—contéiriing heteromonocyclic group such as a
piperazinyl group, a piperidyl group, a morpholinyl group, a pyrazolyi group,
these groups being optionally substituted by a lower alkyl group or an amino
group, etc. _

The preferable compounds (1-a) are compounds of the formula (1-a)
wherein a group: ~-COR32 is an esterified carboxyl group and a group: ~COR42
isa carboxyl group. The preferable compounds (1-b) are compounds of the
formula (1-b) wherein a group: -COR33 is an esterified carboxyl group and a
group: “COR#43 is an amidated carbdxyl group.

Other preferably compounds (1-a), (1-b) and (2) are compounds of these
formulae wherein Ring A is a benzene ring substituted b}-' a group selected from
an alkoxy group, a nitro group, a hydroxy grbup, a di-lower alkylamino grouﬁ
and a halogen atom, Ring B is a 5- or 6-membered nitrogen-containing hetero-
monocyclic group, a benzene ring, or a lower alkylenedioxy-substituted
benzene ring, and the more preferable compounds are compounds of these

formulae wherein Ring A is a benzene ring substituted by two or three groups

- selected from a lower alkoxy group, a nitro group, a hydroxy group, a di-lower

alkylamino group and a halogen atom, Ring B is a pyridine ring, a benzene ring

or'a lower alkylenedioxy-substituted benzene ring, R! is a lower alkyl group,
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and R2 is a hydrogen atom.

Further preferable compounds (1-b) are compounds of the formula (1-b)

wherein a group: ~COR33 is a lower alkoxycarbonyl group or a lower alkoxy-

substituted lower alkoxycarbonyl group, a group: ~-COR43 is a carbamoyl group

substituted by one group selected from a pyridyl group, an oxo-substituted
pyridy] group, an amino-substituted pyridyl group, a lower alkoxy-substituted
pyridyl group, a lower alkyl-substituted piperidyl group, a lower alkyl- |
substituted piperazinyl group, a piperazinyl group substituted by a lower alkyl
group and an oxo group, a loWer alkyl-substituted isoxazolyl group, a pyrazolyl
group, a triazolyl group, a pyridyl-substituted lower alkyl gfoup, an oxo-
substituted pyridyl-lower alkyl group, a di-lower alkylphenyl group, a
morpholinophenyi group, a lower alkylpiperazinylcarbonylphenyl grodé; a
hydroxy-lower alkyl group and a di-lower alkylamino group, or a grouﬁ of the

formula: _~q_N (a)) wherein Ring (a) is a substituted or unsubstituted 5- or 6-

membered nitrogen-containing heteromonocyclic group.

Further preferébly compounds (2) are compounds of the formula (2)
wherein R3 is a pyridyl-substituted lower alkyl group, a di-lower alkylamino-
lower alkyl group, a hydroxy-lower alkyl group, a di-lower alkylamino group, or
a lower alkyl-substituted piperazinyl group.

The more preferable compounds (1-a), (1-b) and (2) are compounds of the
formulae (1-a), (1-b) and (2) wherein Ring A is a benzene ring substituted by
two or three groups selected from a methoxy group, a cyclopentyloxy group, a
nitro group, a hydroxy group, a dixhethylamino group and a chlorine atom, and

R! is a methyl group.
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The most preferable compounds (1-b) are compounds of the fénnula (1-b)
wherein a group: -COR33 is a methoxycarbonyl group, an isopropyloxy-
carbonyl group or a 2-methoxyethoxycarbonyl group, a group: ~COR%3 is an
unsubstituted carbamoyl group or a carbamoyl group substituted by one group
selected from a pyridylmethyl group, a 2-aminopyridyl group, a pyridyl group, a
1-oxopyridyl group, a 4-methylpiperazinyl group, a 4-methyl-4-oxopiperazinyl
group, a 1-methylpiperidyl group, a S-methylisoxazoly! group, a 3-pyrazolyl
group, a l,3,4-triazoly1 group, a l-oxopyridylmethyl group, a dimethylamino-
ethyl group, a hydroxyethyl group and a dimethylamino group. The most
preferablé compounds (2) are compounds of the formula (2) wherein R5 is a
hydrogen atom, a pyridylmethyl group, a dimethylaminoethyl group, a hydroxy-
ethyl group, a dimethylamino group, or a 4-methylpiperazinyl group.

The desired compounds (1-a), (1-b) and (2) of the present invention have
four stereoisomers based on two double bonds thereof, respectively, and also
have optical isomers based on an asymmetric carbon atom thereof, but the
present invention also includes these isomers and a mixture thereof as well.

Among these four stereoisomers, preferable isomers are ones having a
trans(E)-configuration based on the double bond binding to Ring B, and among
these isomers, more preferable isomers are oﬁes having a cis(Z)-configuration
based on the double bond binding to Ring A.

Among the desired compounds of the i)resent invention, preferable
compounds a;re the compounds (1-b) and (2), and among these compounds,
more preferable compounds are the compounds (1-b).

Preferable compounds (1-b) of the present invention are
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(1Z,3E)-1-methyl-1-(3,5—dimethoxyphenyl)-2-methoxycarbonyl-3-[N-(4—
methylpiperazin-1-yl)aminocarbonyl}-4-phenylbutadiene;
(1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-[N-(4-
pyridyl)aminocarbonyl]-4-(3,4-methylenedioxyphenyl)butadiene;
(1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-[N-(4-
pyridylmethyl)aminocarbonyl}-4-phenylbutadiene;
(1Z,3E)-1-methyl-1-(3-chloro-4,5-dimethoxyphenyl)-2-methoxycarbonyl-
3-[N-(3-pyridylmethyl)aminocarbonyl}-4-phenylbutadiene, and
(1Z,3E)-1-methyl-1-(3-chloro-4,5-dimethoxyphenyl)-2-methoxycarbonyl-
3-aminocarbony]4—(4-pyridyl)butadiene, or a pharmaceutically acceptable salf
thereof, etc. |
Preferable compounds (2) of the present invention are
(3Z,4E)-3-(3,5-dimethoxy-o-methylbenzylidene)-4-benzylidene-1-(4-
pyridylmethyl)pyrrolidine-2,5-dione;
(3Z,4E)-3-(3—chloro-‘4,5~dimethoxy-u‘methylbenzylidene)-4—(44pyridyl~
methylidene)pyrrolidine-2,5-dione; | _
(3Z,4E)-3-(3-methoxy-4-cyclopentyloxy-a-methylbenzylidene)-4-(4-
pyridylmethylidene)pyrrolidine-2,5-dione;
(3Z,4E)-3-(3-cyclopentyloxy-4-methoxy-o-methylbenzylidene)-4-(4-
pyridylmethylidene)pyrrolidine-2,5-dione, and
(3Z,4E)—3-(3,5~dimethoxy~a-methylbenzylidene)—4—_(4—pyridyl-
methylidene)pyrrolidine-2,5-dione, or a pharmaceutically acceptable salt thereof,
etc.

The desired compounds (1-a), (1-b) and (2) of the present invention may
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be used in clinical use either in the free from or in the form of a pharmaceutically
acceptable salt thereof. The pharmaceutically acceptable salt includes, for
example, salts with an inorganié acid (e.g. hydrochloride, sulfate, hydrobromide,
etc.), salts with an organic acid (e.g. acetate, fumarate, oxalate, methane-
sulfonate, etc.). When the desired compounds of the present invention have a
substituent such as a carboxyl group, an imide group, etc., these compounds
may be used in the form of a basic salt thereof such as an alkali metal salt (e.g.
sodium salt, potassium salt, etc.) or an alkaline earth metal salt (e.g. calcium salt,
etc.). The compounds of the present invention and a pharmaceutically
acceptable salt thereof also include hydrates aﬂd solvates thereof.

The desired compounds (1-a), (1-b) and (2) of the present invention and a
pharmaceutically acceptable salt thereof may be administered either orally or
parenterally, and administered in the form of a pharmaceutical preparation such
as tablets, granules, capsules, powders, injections, inhalants, etc.

The dosage of the desired cdmpounds (1-a), (1-b) and (2) of the present
invention and a pharmaceutically acceptable salt ﬁereof may vary depending
on the administration route, the ages, weights and conditions of the patients, or
severity of diseases to be cured, but it is usually in the range of about 0.1 to 100
mg/kg/day in the case of oral administration. In the case of parenteral
administration, it is in the range of about 0.01 to 10 mg/kg/day.

The desired compound (1-a) of the present invention may be prepared by

i treating a diestef compound of the formula (4):
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@

wherein a group: ~COR3! and a group: -COR#! are the same or different and
each are an esterified carboxyl group, and Ring A, Ring B, R! and R2 are the |
same as defined above, with an acid or a base.

The desired compound (1-b) of the présent invenﬁon may be prepared by

- 10 reacting a compound (1-a), or a salt thereof, or a reactive derivative thereof, with

a compound of the formula (5):
H-R40 5)
wherein R40 is a substituted or unsubstituted amino group.

The desired compound (2) of the present invention may be prepared by

15  subjecting a compound of the formula (1-c):

(1-¢)

20

wherein one of a group: ~COR34 and a group: ~-COR#4 is a carboxyl group

- which may optionally be esterified, and the other is a carbamoyl group, a
substituted or unsubstituted alkyl group-substituted carbamoyl group, a
substituted or unsubstituted amino-substituted carbamoyl group, or a

25  substituted or unsubstituted nitrogen-containing heterocyclic group-substituted
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carbamoyl group, and Ring A, Ring B, R! and R2 are the same as defined above,
or a salt thereof, to intramolecular cyclization reaction.
The desired compound (2) wherein RS is a substituted or unsubstituted

alkyl group, a substituted or unsubstituted amino group, or a substituted or
unsubstituted nitrogen-containing heterocyclic group may be prepared by

reacting a compound of the formula (2-a):
R!
A

RZ
wherein Ring A, Ring B, R! and R2 are the same as defined above, or a salt

N—H (2-a)

A, =

o=

thereof, with a compound of the formula (3):

R51-X 3)
wherein RS! is a substituted or unsubstituted alkyl group, a substituted or
unsubstituted amino group, or a substituted or unsubstituted nitrogen-
containing heterocyclic group, and X is a reactive residue.

The treatment of the diester compound (4) with an acid or a base is
carried out in a suitable solvent or without a solvent.

The solvent may be any inert soivent which does not disturb the reaction,
for example, organic solvents such as ethylene glycol, N,N-dimethylformamide,
hexamethylphosphoramide, benzene, tetrahydrofuran, dioxane, toluene, ethyl
acetate, a lower alcohol (methanol, ethanol, etc.), dichloromethane, 1,2-dichloro-

ethane, chloroform, carbon tetrachloride, 1,3-dimethyl-2-imidazolidinone, diethy!
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ether, dimethoxyethane, dimethyl sulfoxide, carbon disulfide, acetone, etc., or a
mixture of these solvents and water.

The base includes, for example, an alkali metal, an alkali metal hydroxide,
an alkali metal hydride, an alkali metal alkoxide, an alkali metal alky! amide (e.g.
lithium diisopropyl amide (LDA). etc.), a lower alky! alkali metal (e.g. n-butyl
lithium, etc.), or an organic amine such as a tri-lower alkylamine, 1,8-diaza-
bicyclo[5.4.0Jundeca-7-ene, etc. The acid includes either a conventional’
protonic acid or a conventional Lewis acid.

The reaction is preferably carried out under cooling or with heating, for
example, at a temperature between —60°C and 150°C, preferably at a
temperature between 15°C and a boiling point of the solvent to be used.

The condensation reaction between the compound (1-a) or a salt thereof
and the compound (5) is_ carried out in the presence of a dehydrating agent in a
suitable solvent.

The dehydrating agent includes, for example, 1,3-dicyclohexylcarbodi-
imide (DCC), carbonyl diimid;zole (CDD), etc.

The salt of the compound (1-a) may be a conventional salt such as a salt
with an alkali metal or alkaline earth metal, etc. These salts may preferably be
converted in advance into a free compound andlthen used in the reaction with
the compound (5).

The condensation reaction between a reactive derivative of the
compound (1-a) and the compound (5) is carried out in the presence of an acid
acceptor in a suitable solvent.

The reactive derivative may be any conventional ones which are suitable
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for the acid-amide bond producing reaction, for example, acid halides, mixed
acid anhydrides, active esters, etc.

The acid acceptor includes, for example, alkali metal hydroxides, alkali
metal carbonates, alkali metal hydrogen carbonates, trialkylamines, N,N-dialkyi-
anilines, pyridine, etc.

The solvent includes, for example, dichloromethane, chioroform, 1,2-di-
chloroethane, diethyl ether, tetrahydrofuran, dioxane, N,N-dimethylformamide,
dimethy! sulfoxide, toluene, benzene, etc. |

The compound (5) is used in an amount of 1 to 3 moles, preferably in an
amount of 1.1 to 1.3 mole, to 1 mole of the compound (1-a), a salt thereof, or a
reactive derivative thereof. | |

The intramolecular cyclization reaction of the compound (1-c) is
preferably carried out in the presence of a base or an acid in a suitable solvent or
without a solvent. |

The solvent may be any inert solvent which does not disturb the reaction,
for example, organic solvents such as ethylene glycol, N,N-dimethylformamide,
hexamethylphosphoramide, benzene, tetrahydrofuran, dioxane, toluene, ethyl
acetate, a lower alcohol (e.g. methanb), ethanol, etc.), dichloromethane, 1,2-
dichloroethane, chloroform, carbon tetraﬁhloride, 1,3-dimethyl-2-imidazolidin-
one, diethyl ether, dimethoxyeth_ane, ldimethyl sulfoxide, carbon disulfide,
acetone, etc.,or a mixtﬁre of these organic solvents and water.

The base -inciudes, for example, an alkali metal, an alkali metal hydroxide,
an alkali metal hydride, an alkali metal alkoxide, an alkali metal alkyl amide (e.g.

lithium diisopropyl amide (LDA). etc.), a lower alkyl alkali metal (e.g. n-butyl
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lithium, etc.), or an organic amine such as a tri-lower alkylamine, 1,8-diazabi-
cyclof5.4.0Jundeca-7-ene, etc. The acid includes a conventional protonic acid
or a conventional Lewis acid.

The reaction is carried out under cooling or with heating, for example, at
a temperature between —60°C and 150°C, preferably at a temperature between
15°C and a boiling point of the solvent to be used.

The condensation reaction between the compound (2-a) or a salt thereof
and the compound (3) is carr_ied out in the presenée of an acid acceptor in a
suitable solvent.

| The salt of the compound (2-a) is, for example, an alkali metal salt, etc.

The acid acceptor may be any conventional ones, and includes, for -
example, alkali metal hydrides (e.g. sodium hydride), alkali metal hydroxides
(e.g. sodium hydroxide), alkali metal carbonates (e.g. potassium carbonate),
alkali metal alkoxides (e.g. sodium methoxide), alkali metal alkyl amides (e.g.
lithium diisopropylamide), or alkali metals (e.g. sodium).

The reactive residue X includes, for example, a halogen atom (e.g.
chlorine, bromine, iodine, etc.), a sulfonyloxy group (e.g. trifluoromethane-
sulfonyloxy, toluenesulfonyloxy, methanesulfonyloxy, etc.), etc.

The solvent inciudes, for example, dichloromethane, chloroform, 1,2-
dichloroethane, diethyl ether, tetrahydrofuran, dioxane, ethylene glycol, N,N-
dimethylformamide, dimethyl sulfoxide, toluene, benzene, etc.

i The condensation reaction is carried out under cooling or with heating,
for example, a temperature between —60°C and 100°C, preferably at a

temperature between -60°C and 20°C.
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Thé compound (3) is used in this reaction in an amount of 1 to 5 moles, to
1 mole of the compound (2-a) or a salt thereof.
The starting compound (4) may be prepared by reacting a compound of

the formula (6):

6

wherein Ring A, RI, -COR3! and-COR#4! are the same as defined above, with a

compound of the formula (7):

)

wherein Ring B and R2 are the same as defined above.

The starting compound (4) may also be prepared by reacting a compound
of the formula (8):

R!. t)]

wherein Ring A and R! are the same as defined above, with a compound of the

= formula (9):
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i

C-R?

9
e
' 0

R2
wherein Ring B, R2, -COR3! and—COR#! are the same as defined above.

The condensation reaction between the compound (6) and the
compound (7), or the compound (8) and the compound (9) is carried out in the
presence of a base in a suitable solvent. The base includes an alkali metal
alkoxide or an alkali -metal alkyl amide such as potassium tert-butoxide, sodium
methoxide, lithium diisopropylamide (LDA), etc. The solvent includes, for
example, a lower alcohol (e.g. methanol, ethanol, tert-butyl alcohol, etc.),
dichloromethane, chloroform, 1,2-dichloroethane, diethyl ether, tetrahydrofuran,
dioxane, ethylene glycol, N,N-dimethylformamide, dimethyl sulfoxide, toluene,
benzene, etc. |

The reaction is carried out under cooling or with heating, for example, at
a temperature between —~30°C and a boiling point of the solvent to be used,
more preferably at a temperature between 15°C and 80°C.

- Among the starting compounds (6), a trans(E)-isomer thereof may be
prepared, for example, by condensing the compound (8) with a compound of

the formula (10):

C-R*!

[ (10)

C_R4l
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wherein —COR3! and —COR#! are the same as defined above, in the presence of

a t?ase in a suitable solvent.

Among the starting compounds (6), a cis(Z)-isomer thereof may be
prepared by addition and elimination reaction of the corresponding trans(E)-
isomer, for example, by adding a nucleophilic reagent (e.g. thiophenol) to the
trans(E)-isomer of the compound (6), followed by elimination of the nucleophile
from the resulting adduct in the presence of a base. |

Throughout the present specification and claims, the alkyl group and the
alkoxy group mean ones having 1 to 20 carbon atomé, preferably ones having 1
to 10 carbon atoms, more preferably ones having 1 to 6 carbon atoms,
respectively. The lower alkyl group and the lower alkoxy group mean ones
having 1 to 6 carbon atoms, preferably ones ha\}ing 1 to 4 carbon atoms,
respectively. The cycloalkyl group me?ms ones having 3 to 10 carbon atoms,
preferably ones having 5 to 8 carbon atoms. The lower alkylenedioxy group
means ones having 1 to 4 carbon atoms.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is illustrated in more detail by the following
Examples, but should not be construed to be limited thereto. |
Example 1} |

(1)  To asolution of vanillin (50 g) in N,N-dimethylformamide (600 ml)
aré added 62.5 % sodium hydride (13.9 g) and cyclopenty] bromide (38.8 ml)
under ice-cooling, and the mixture is stirred at 90°C overnight. The mixture is
concentrated under reduced pressure to remove the N,N-dimethylformamide,

and to the residue is added water. The mixture is extracted with ethyl acetate,
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and the extract is washed, dried, and concentrated under reduced pressure to
remove the solvent. The resulting residue is puriﬁed by silica gel column
chromatography (eluent; hexane:ethyl acetate = 3:1) to give 4-cyclopentyloxy-
3-methoxybenzaldehyde (65 g).

Yield: 90%

IR: 2966, 1683, 1583, 1506, 1266, 1135, 730 cm-!

(2) A solution of the above product (10 g) and dimethyl succinate
(8.0 g) in tert-butyl alcohol (20 ml) is added to a solution of potassium tert-
butoxide (5.1 g) in tert-butyl alcoho! (50 ml), and the mixture is stirred at room
temp?rature for one hour. The reaction mixture is poured into ice-water, and the
mixture is washed with diisopropyl ether: Th¢ pH value of the mixture is
adjusted to pH 1 with hydrochloric acid, and the mixture is extracted with ethy)
acetate. The extract is washed, dried, and concentrated under reduced pressure.
Thc resulting residue is dissolved in dichlorémethane (100 ml), and thereto are
added diisopropy! ethylamine (11.8 ml) and methoxymethyl chloride (3.9 ml)
under ice-cooling, and the mixture is stirred at room temperature for one hour.
To the mixture is added water, and the mixture is extracted with ethyl acetate.
The extract is washed, dried, and concentrated under reduced pressure. The
resulting residue is purified by silica gel column chromatography (eluent;
hexane:ethyl acetate = 3:1) to give methyl (E)-3-(4-cyclopentylbxy-ii-methoxy-
phenyl)-2-(methoxymethoxycarbonylmethyl)acrylate (10.9 g).

Yield: 63 %

IR: 2957, 1741, 1710, 1599, 1513, 1256, 1145 cm!

(3) To asolution of thiophenol (5.9 ml) in tetrahydrofuran (50 ml) is
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added a 15 % solution of n-butyl lithium in hexane (2.2 ml) at 0°C under
nitrogen atmosphere, and the mixture is stirred at room temperature for 30
minutes. To the mixture is added a solution of the compound obtained in the
above (2) (13.4 g) in tetrahydrofuran (100 ml), and the mixture is stirred at room
temperature overnight. The mixture is extracted with ethyl acetate, and the
extract is washed, dried and concentrated under reduced pressure to remove the
solvent. The residue is purified by silica gel column chromatography (eluent;
hexane:ethyl acetate = 3:1) to give methyl (2R*,3S*)-3-(4-cyc10pentyloxy-3-
methoxyphenyl)-2-methoxymethoxycarbonylmethyl-3-phenylthiopropionate
(14.5 g). '

Yield: 84 %

IR: 2957, 1736, 1585, 1512, 1265, 1143 cm-}

(4) To asolution of the above product (14.5 g) in chlorofoﬁn (300 mi)
is added in portions 3-chloroperbenzoic acid (5.1 g) at 0°C. The mixture is
stirred at the same temperature for 30 minutes. To the mixture is added calcium
hydroxide (10 g), and the mixture is stirred, ﬁltered, and the filtrate is
concentrated under reduced pressure. To the residue is added toluene (300 mi),
and the mixture is refluxed for 30 minutes. The mixture is concentrated under
reduced pressure, and the resulting residue is purified by silica gel column
chromatography (eluent; hexane:ethyl abetate = 3:1) to give methyl (Z)-3-(4-
cyclOpentyloxy-3-methoxyphenyl)-2-(rhethoxymethoxycarbonylmethyl)-

- acrylate (9.0 Ig).
Yield: 67 %
IR: 2956, 1744, 1718, 1600, 1511, 1144 cm-}
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(5) A solution of the above product (10.3 g) in tetrahydrofuran (100
ml) is added dropwise to a solution of lithium diisopropylamide which is
prepared from diisopropylamine (4.6 ml) and n-butyl lithium (20 ml) in tetra-
hydrofuran (60 ml) at -78°C under nitrogen atmosphere, and the mixture is
stirred at the same temperature for 30 minutes. To the mixture is added
dropwise a solution of benzaldehyde (3.5 g) in tetrahydrofuran (30 ml) at
-100°C, and the mixture is stirred at the same temperature for 20 minutes.’ To
the mixture is added aqueous ammonium chloride solution, and the mixture is
extracted with ethyl acetate. The extract is washed, dried, and concentrated
under reduced pressure. The residue is dissolved in dichloromethane (50 ml),
and thereto are added tricthylamine (11 ml) and methanesulfonyl chloride (2.5
ml) at 0°C, and the mixture is stirred at room tempefa'ture for one hour. .Water is
added to the mixture, and the mixture is extracted with ethyl acetate. The
extract is washed, dried, and concentrated under reduced pressure. The residue
is purified by silica gel column chrqmatogmphy (eluent; hexane:ethyl acetate =
3:1) to give (1Z,3E)-1-(4-cyclopentyloxy-3-methoxyphényl)—Z-methoxy-
carbonyl-3-methoxymethoxycarbonyl-4-phenylbutadiene (7.3 g).

Yield: 58 %

IR: 2957, 1717, 1597, 1509, 1264, 1160, 696 cm-!

(6) To a solution of the above product (7.3 g) in tetrahydrofuran (50
ml) is added conc. hydrochloric acid (5 m}), and the mixture is stirred at room
temperature for one hour. To the mixture is added saturated agueous sodium
chloride solution, and the mixture is extracted with ethyl acetate. The extract is

dried, concentrated under reduced pressure. The residue is purified by silica gel

s
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column chromatography (eluent; chloroform:methanol = 20:1) to give (1Z,3E)-1-
(4-cyclopentyloxy-3-methoxyphenyl)-2-methoxycarbonyl-3-carboxy-4-phenyl-
butadiene (6.1 g).
Yield: 92 %
5 IR:  3500-3000 (br.), 2958, 1712, 1690, 1600, 1509, 1270, 694 cm-!
(7) To a solution of the above product (0.75 g) in tetrahydrofuran (20
ml) is added carbonyldiimidazole (0.35 g), and the mixture is stirred at room
temperature for 30 minutes. To the solution is added a 28 % aqueous ammonia
(0.7 ml), and the mixture is stirred at room temperature for 30 minutes. To the
10 mixture is added water, and the mixture is extracted with chloroform. The
extract is dried, and concentrated under reduced pressure. The residue is
purified by silica gel column chromatography (eluent; chloroform:acetone = 5:1)
to give (1Z,3E)-1-(4-cyclopentyloxy-3-methoxyphenyl)-2-methoxycarbonyl-3-
aminocarbonyl-4-phenylbutadiene (0.48 g). The structure and the physical
15  properties thereof are shown in Table 1.
Yield: 64 %
M.p. 158-159°C
Example 2 |
(1) To a solution of the compouhd obtained in Example 1-(6) (0.3 g)
20 in dichloromethane (10 ml) are added triethylamine (0.15 ml) and isobuty!
chloroformate (0.14 ml) at 0°C, and the mixture is stirred for 30 minutes. To the
. solution is added 4-picolylamine (0.11 ml), anc_l the mixture is stirred for 30
minutes. Water is added to the mixture, and the mixture is extracted with

chloroform. The extract is dried, concentrated under reduced pressure, and the
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residue is purified by silica gel column chromatography (eluent; chloroform: .
methanol = 50:1) to give (1Z,3E)-1-(3-methoxy-4-cyclopentyloxyphenyl)-2-
methoxycarbonyl~3-(4-pyridylmethylaminocarbonyl)—4-phenylbutadiene (0.29
)

Yield: 80%

(2) To the above product (0.29 g) is added a 4N solution of hydrogen
chloride in ethyl acetate, and the mixture is triturated with ether to give (1Z,3E)-

1-(3-methoxy-4-cyclopentyloxyphenyl)-2-methoxycarbonyl-3-(4-pyridyl-

methylaminocarbonyl)A-phenylbutadien,e hydrochloride (0.29 g). The

structure and the physical properties thereof are shown in Table 1.

Yield: 93 % .

M.p. 105-130°C .
Examples 34 |

The corresponding starting compounds are treated in the same manner as

in Example 2 to give the compounds- as listed in Table 1.
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Table 1

xC-OCH,

O g

- O

Physical properties
M.p. 158-159°C

1 M.p. 105-130°C
monochydrochloride

M.p. 85-115°C
monohydrochloride

M.p. 80-115°C
monohydrochloride

Example §
To a solution of the compound obtained in Example 1-(7) (0.28 g) in
5 tetrahydrofuran (10 ml) is added a 2N aqueous sodium hydroxide solution (1
ml), and the mixture is stirréd at room temperature for 10 minutes. The mixture is
neutralized with 2N hydrochloric acid, and extracted with chloroform. The

extract is dried, concentrated under reduced pressure, and the residue is purified

by silica gel column chromatography (eluent; hexane:ethyl acetate = 2:1) to
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give (32,4E)-4-benzylidene—3-(4-cycloljentyloxy-3-methoxybenzylidene)—
pyrrolidine-2,5-dione (0.24 g). The structure and the physical properties thereof
are shown in Table 2.

Yield: 93 %

M.p. 203-204°C
Example 6

(1)  To a solution of the compound obtained in Example 2-(2) (0.25 g)
in tetrahydrofuran (10 ml) is added a 2N aqueous sodium hydroxide solution
(1.1 ml), and the mixture is stirred at room temperature. To the mixture is added
water, and the mixture is extracted with chioroform. The extract is dried, and
concentrated under reduced pressure to remove the solvent. The residue is
purified by silica gel column chromatography (eluent; ethyl acetate:hexane =

1:1) to give (3Z,4E)-3-(4-cyclopentyloxy-3-methoxybenzylidene)-4-

benzylidene-1-(4-pyridylmethyl)pyrrolidine-2,5-dione (0.12 g).

Yield: 55 % _

(2) To the above product (0.12 g) is added a 4N solution of hydrogen
chloride in dioxane, and the mixture is triturated with ether to give (3Z,4E)?3-(4-
cyclopentyloxy-3-methoxybenzylidene)-4-benzylidene-1-(4-pyridylmethyl)-
pyrrolidine-2,5-dione hydrochloride (90 mg). The structure and the physical
properties thereof are shown in Table 2.

Yield: 76 %

M.p. 117-130°C (decomposed)

Examples 7-8

The corresponding starting compounds are treated in the same manner as
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- in Example 6 to give the compound as listed in Table 2.

Example 9

(1)  To a solution of the compound obtained in Example 1-(6) (0.3 g)
in .dich]oromethanc (10 ml) are added triethylamine (0.15 ml) and isobuty! chloro-
formate (0.14 ml) at 0°C, and the mixture is stirred for 30 minutes. ‘To the
mixturé is added N,N-dimethylethylenediamine (0.12 ml), and the mixture is
stirred for 30 minutes. To the mixture is added water, and the mixture is
extracted with chloroform. The extract is dried and concentrated under reduced
pressure. To the residue are added tetfahydrofuran (5 ml) and a 2N agqueous
sodium hydroxide solution (0.7 ml), and the mixture is stirred at room
temperature for 10 minutes. To the mixture is added water, and the mixture is
extracted with chloroform. The extract is dried, and concentrated under
reduced pressure. The residue is purified by silica gel column chromatography
(eluent; chloroform:methanol = 20:1) to give (3Z,4E)-3-(4-cyclopentyloxy-3-

| methoxybenzylidene)-4-benzylidene-1-(2-(N,N-dimethylamino)ethyl)-
pyrrolidine-2,5-dione (0.25 g).

Yield: 76 %

(2)  To the above product (0.25 g) is added a 4N solution of hydrogen
chloride in ethyl acetate, and the mixture is triturafed with ether to give (3Z,4E)-
3-(4-cyclopentyloxy-3-methoxybenzylidene)-4-benzylidene-1-(2-(N,N-dimethyl-
amino)ethyl)pyrrolidine-2,5-dione hydrochloride (0.17 g). The structure and the

_physical properties thereof are shown in Table 2.

Yield: 88 %

M.p. 95-110°C {decomposed)
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Example 10

The corresponding starting compounds are treated in the same manner as

in Example 9 to give the compound as listed in Table 2.

Table 2

Physical properties
M.p. 203-204°C

M.p. 117-130°C (decomp.)
monohydrochloride

—CH AR M.p. 110-116°C (decomp.)
2 N\ monohydrochloride |

N
— 7\ M.p. 105-125°C (decomp.)f

8 CH, = monohydrochloride Q
_ M.p. 95-110°C (decomp.) ‘

9 (CH,),N(CH;), monohydrochloride |
~(CH,),0H M.p. 133-134°C (decomp.){

1

Example 11
(1)  To a solution of methyl magnesium iodide, which is prepared from

magnesium (2.9 g) and methyl iodide (7.5 ml), in diethyl ether (150 ml) is added
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dropwise a solution of 4-cyclopentyloxy-3-methoxybenzaldehyde (17.6 g) in
tetrahydrofuran (40 ml) at 0°C, and the mixture is stirred at room temperature for
one hour. To the reaction mixture is added a saturated aqueous ammonium
chloride solution (20 ml) at 0°C, and the mixture is extracted with ethyl acetate.
The extract is concentrated under reduced pressure, and the residue is dissolved
in acetonitrile (300 mi), and thereto is added manganese dioxide (55 g) at 0°C.
The mixture is warmed to room temperature, and the mixture is stirred for three
days. To the reaction mixture is added cerite (20 g), and the mixture is stirred for
30 minutes. The insoluble materials are removed by filtration, and the filtrate is
concentrated under reduced pressure. The residue is crystallized from chilled
hexane to give 4-acetyl-1-cyclopentyloxy-2-methoxybenzene (13.8 g).

Yield: 73.6 %

M.p. 55-56°C

(2) A solution of the above product (9.7 g) and dimethyl (E)-
benzylidenesuccinate (10 g) in tetrahydrofuran (100 ml) is added dropwise into
a solution of potassium tert-butoxide (4.8 g) in tert-butyl alcohol (100 ml) at
room temperature, and the mixture is stirred at the same temperature for one
hour. To the reaction mixture is added diisopropy! ether (200 ml), and the
mixture is extracted with water. The pH value of the aqueoﬁs layer is adjusted
to pH' 1-2 with conc. hydrochleric acid, and the mixture is extracted again with
ethyl acetate. The extract is concentrated under reduced pfessure, and the 2/5
part of the residue is collected, and dissolved in chloroform (100 ml). To the
mixture are added a few drops of N,N-dimethylformamide and thionyl chloﬁde

(1.8 ml) at room temperature, and the mixture is refluxed for 30 minutes. The
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reaction mixture is cooled with ice, and added dropwise into a solution of
aqueous ammonia {20 ml) in chloroform (50 m}), and the mixture is stirred for 30
minutes. Water (50 ml) is added to the reaction mixture, and then the mixture is
extracted with chloroform. The extract is concentrated under reduced_pressure
to remove the solvent, and the residue is purified by silica gel column
chromatography (eluent; chloroform:acetone = 20:1), and crystallized from
hexane-ethyl acetate to give (1Z,3E)-1-methyl-1-(4-cyclopentyloxy-3-
methoxyphenyl)-2-methoxycarbonyl-3-aminocarbonyl-4-phenylbutadiené
(0.42 g). The structure and the physical properties thereof are shown in Table 3.
M.p. 133-134°C
Examples 12-22
The corresponding starting compounds are treated in the same manner as

in Example 11 to give the compounds as listed in Tables 3-5.
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Table 3

Physical properties
M.p. 133-134°C

M.p. 85-105°C (decomp.)
monohydrochloride ‘

M.p. 100-104°C (decomp.)f
monohydrochloride “

M.p. 106-114°C (decomp.)
monohydrochloride
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Table 4

Physical properties -
M.p. 166-167°C

Mp. 132-133°C (decomp.)§
monohydrochloride

M.p. 127-128°C (decomp.)
monohydrochloride

M.p. 114-115°C (decomp.)|
monohydrochloride ‘

M.p. 88-89°C
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Physical properties

monohydrochloride

M.p. >90°C (decomp.)
monohydrochloride

M.p. 118-120°C
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Example 23

(1) To a solution of potaésium tert-butoxide (2.4 g) in tert-butyl
alcohol (25 ml) is added dropwise a solution of 3,4,5-trimethoxya¢etophen6ne
(5.0 g) and dimethyl (E)-benzylidene succinate (4.5 g) in tetrahydrofuran (20
ml) at 20-25°C, and the mixture is stirred at room temperature for one hour. The
reaction mixture is poured into water, and the mixture is washed with
diisopropyl ether. The pH value of the aqueous layer is adjusted to pH 1 with
hydrochloric acid, and extracted with ethy! acetate. The extract is dried, and
concentrated under reduced pressure, and the residue is puriﬁed by silica gel
column chromatography (eluent; chloroform:methanol = 50:1 — 20:1) to give 1-
methyl-1-(3,4,5-trimethoxyphenyl)-2-methoxycarbonyl-3-carboxy-4-phenyl-
butadiene (6.5 g) as a mixture of (1E,3E)-isomer and (1Z,3E)-isomer.

Yield: 66.3 %

IR: 3420, 2950, 1720, 1715, 1690, 1585, 1240, 1125, 695 cm-!

(2)  To a solution of the above product (6.5 g) in chloroform (30 m})
are added a few drops of N,N-dimethylformamide and thiony! chloride (1.15 ml),
and the mixture is refluxed for 30 minutes. The solution is added dropwise into
conc. aqueous ammonia (20 ml) at 0°C, and the mixture is stirred at room
temperature for 30 minutes. The mixture is extracted with chloroform, and the
extract is dried, concentrated under réduced pressure, and the residue is purified
by silica gel column chromatography (eluent; hexane:ethyl acetate = 1:1 — 1:2).
The eluent is concentrated and crystallized from ether, and the precipitated

crystals are collected by filtration, and further recrystallized from hexane-ethyl

acetate to give (1E,3E)-1-methyl-1-(3,4,5-trimethoxyphenyl)-2-methoxy-
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carbonyl-3-aminocarbonyl-4-phenylbutadiene (2.6 g). The structure and the
physical properties thereof are shown in Table 6.

Yield: 40.1 %

M.p. 155-157°C

(3) The filtrate obtained in the above (2) is concentrated under
reduced pressure, and the residue is crystallized from diisopropyl ether, and then
recrystallized from hexane-ethyl acetate to give (1Z,3E)-1-methyl-1-(3,4,5-
trimethoxyphenyl)-2-methoxycarbonyl-3-aminocarbonyl-4-phenylbutadiene
(2.1 g). The structure and the physical properties are shown in Table 5.

Yield: 32.4 % |

 Mp. 118-120°C

Example 24

(1)  To a solution of potassium tert-butoxide (14.5 g) in tert-butyl
alcdhol (100 ml) is added a mixture of acetophenone (15.5 g) and dimethyl
succinate (27.1 g), and the mixture is stirred at room temperature overnight. The
reaction mixture is poured into ice-water, and the mixture is washed with diiso-
propyl ether. The pH value of the aqueous layer is adjusted to pH 2-3 with
conc. hydrochloric acid, and then extracted with ethyl acetate. The extract is
dried, and concentrated under reduced pressure. The residue is dissolved in
methanol (150 ml), and thereto is added dropwise thionyl chloride (12.5 ml)
under ice-cooling. The mixture is stirred at room temperature overnight, and
concentrated under reduced pressure to remove the solvent. The residue is
washed with ethyl acetate, dried, and concentrated under _reduced pressure to

remove the solvent. The resﬁlting residue is purified by silica gel column
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chromatography (eluent; hexane:ethyl acetate = 4:1.) to give (E)-2-benzylidene-
a-methylsuccinic acid dimethyl ester (18.6 g) and (Z)-2-benzylidene-a-methyl-
succinic acid dimethyl éster (6.2 g). |
(E)-2-Benzylidene-a-methylsuccinic acid dimethyl ester:

Yield: 58 %

Oily product

IR: 2970, 2940, 2860, 1745, 1440, 1270, 1200, 1180, 1135, 1060, 770,

705 ey

(Z)-2-Beniylidene-a—methylsuccinic acid dimethyl ester:

Yield: 19 %

Oily product

IR: 2960, 2920, 2850, 1740, 1710, 1440, 1320, 1250, 1195, 1'17(.),:-1 140,

765, 700 cm-} |

(2) A solution of (E)-2-benzyljdene-a—methylsuccinic acid dimethyl
ester (5.0 g) and 3,4,5-trimethoxybenzaldehyde (4.0 g) in tetrahydrofuran (20
ml) is added dropwise into a solution of potassium tert-butoxide (2.3 g) in tert-
butyl alcohol (20 ml), and the mixture is stirred at room temperature for one
hour. The reaction mixture is poured into ice-water, and the mixture is washed.
The pH value of the aq'ueous layer is adjusted to pH 2-3 with conc.
hydrochloric acid, and the mixture is extracted with ethyl acetate. The extract is
dried, concentrated under reduced pressure, and the resulting residue is

dissolved in chloroform (30 ml). To the mixture are added thionyl chloride (1.5

| ml) and three drops of N,N-dimethylformamide, and the mixture is refluxed for

30 minutes. The mixture is added dropwise into a 28 % aqueous ammonia (20
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ml) under ice-cooling, and the mixture is stirred at room temperature for 10
| minutes. Water is added to the mixture, and extracted with chloroform. The
extract is dried and concentrated under reduced pressure to remove the solvent.
The residue is purified by silica gel column chromatography (eluent; hexane:
5 ethyl acetate = 1:1) to give (lE,BE)-l-(3,4,5—__trimethoxyphenyl)-Z-methoxy-
carbonyl-3-aminocarb6nyl—4-methyl-4-phcnylbutadiene (4.7 g). The structure
and the physical properties thereof are shown in Table 6.
Yield: 57 %
M.p. 156-157°C
10

Physical properties

M.p. 155-157°C

| Mp. 156-157°C

Example 25
(Z)-2-Benzylidene-a-methylsuccinic acid dimethyl ester (5.3 g) obtained
in Example 24-(1) is treated in the same manner as in Example 24-(2) to give
15 ~ (1E,3Z)-1-(3,4,5-trimethoxyphenyl)-2-methoxycarbonyl-3-aminocarbony!-4-
methyl-4-phenylbutadiene (6.7 g). Thg structure and the 'physicaf properties

thereof are shown in Table 7.
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 Yield: 76 %
M.p. 141-143°C

Physical properties

M.p. 141-143°C

v

5 | Example 26
To a solution of the compound (0.32 g) obtained in Example ll-(i;in
tetrahydrofuran (20 ml) is added a 2N aqueous sodium hydroxide solution (3.6
ml) at 0°C, and the mixture is stirred for 10 minutes. To the reaction mixture is
added 2N hydrochloric acid (3.6 ml), and the mixture is extracted with ethyl
10  acetate. The extre;ct is concentrated under reduced pressure to remove the
solvent, and the residue is purified by silica gel column chromatography (eluent;
chloroform:acetone = 10:1), and further crystallized froin diethyl ether to give
(3Z,4E)-4-benzylidene-3-(4-cyclopentyloxy-3-methoxy-a-methylbenzylidene)-
pyrrolidine-2,5-dione (0.17 g). The structure and the physical properties thereof
15 . are shown in Table 8. |
Yield: 58.0 %
Mp. 193-194°C
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Examples 27-38
The corresponding starting compounds are treated in the same manner as

in Example 26 to give the compounds as listed in Tables 8-10.
Table 8

Physical properties
M.p. 193-194°C

M.p. 120-125°C (decomp.)|
monohydrochloride

M.p. 199-200°C
monohydrochloride

M.p. 204-205°C
monohydrochloride
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Table 9

Physical properties

monohydrochloride

M.p. 121-122°C (decomp.)}
monohydrochloride :

M.p. 136-137°C (decomp.)}
monohydrochloride
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Table 10

Physical properties-

M.p. 127°C
monohydrochloride

M.p. >145°C (decomp.)
monohydrochloride

M.p. 60°C
monohydrochloride
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Examples 39-43

The corresponding starting compounds are treated in the same manner as
in Example 1 to give the compounds as listed in Table 11.

Table 11

7\ .

C-NH,
o)

Physical properties

M.p. 134-135°C
monohydrochloride

M.p. 100-108°C {decomp.)}
monohydrochloride ‘

monohydrochloride

monohydrochloride
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Examples 44-48 )
The cormresponding starting compounds are treated in the same manner as
in Example 5 to give the compounds as listed in Table 12.

Table 12

Physical properties

monohydrochloride

M.p. 220-240°C (decomp.)
monohydrochloride ‘

monohydrochloride

monchydrochloride
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Example 49

(1)  Vanillin (100 g) is dissolved in chloroform (800 ml), and thereto is
blown with stirring chlorine gas at room temperature for about one hour to give
the white solid. The compressed air is blown into the mixture to remove the
chlorine being dissolved therein, and the precipitated solid is collected by
filtration, washed, and dried. The mother liquor is concentrated, and tritura;ed
with diethyl ether, and the precipitates are colleéted by filtration, washed, and
dried. The former precipitated solid and the powder thus obtained are combined
to give 3-chlorovanillin (115.25 g).

Yield: 94.0 %

M.p. 163°C

(2)  The above product (62 g) is dissolved in N,N-dimethylformamide
(600 m1), and thereto are added potassium carbonate (91.8 g) and methy] iodide
(37.2 ml) at room temperature, and the mixture is stirred at the same temperature
for five hours. The reaction mixture is concentrated, and thereto is added water.
The mixture is extracted with ethyl acetate, and the ethyl acetate layer is
washed, dried, and concentrated under reduced pressure to remove the solvent
to- give 3-chloro-4,5-dimethoxybenzaldehyde (65.15 g).

Yield: 97.7 %

M.p. 54°C

(3).  To a solution of magnesium (11.87 g) in diethyl ether (500 ml) is

- added gradually and drbpwise a solution of methyl iodide (30.4 ml) in diethyl

ether (100 ml) under nitrogen atmosphere. After the addition, the mixture is

stirred for 30 minutes until the reflux is completed. To the mixture is added



10

15

20

WO 97/36864 PCT/IP97/01017

47

dropwise a solution of the compound (70 g) obtained in the above (2) in
tetrahydrofuran (400 ml) under ice-cooling. The mixture is warmed to room
temperature, and further stirred for 30 minutes. To the reaction mixture is added
a small amount of water, and the reaction is quenched. To the reaction mixture
is added an aqueous ammonium chloride solution, and the mixture is extracted
with ethyl acetate. The ethyl acetate layer is washed, dried, and concentrated
under reduced pressure to remove the solvent to give 3-chloro-4,5-dimethoxy-
1-(1-hydroxyethyl)benzene (75 g).

The above product (75 g) is dissolved in acetonitrile (500 ml), and thereto
is added manganese dioxide (400 g), and the mixture is stirred at room
temperature overnight. Cerite is added to the reaction mixture, and the mixture
is stirred for one hour. Thé mixture is filtered through cerite pad, and the mother
liquor is concentrated. The residue is purified by silica gel column chromato-

graphy (eluent; hexane:ethy! acetate = 3:1), and recrystallized from hexane to

. give 3-chloro-4,5-dimethoxyacetophenone (62.0 g).

Yield: 82.8 %

M.p. 47-49°C

(4) A solution of the above product (11.3 g) in dimethyl succinate
(11.54 g) in tetrahydrofuran (S0 ml) is added 'gradually and dropwise into a
solution of potassium tert-butoxide (6.5 g) in t-butyl alcohol (30 ml) at room
temperature. The mixture is stirred at room temperature for one hour, warmed to
70°C, and then stirred for one hour. The reaction mixture is cooled, and poured
into ice-water, and further dissolved in isopropyl ether to purification, and then

the mixture is extracted with water. The pH value of the aqueous layer is
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adjusted to pH 2-3 with conc. hydrochloric acid, and the free carboxylic acid is
extracted with ethyl acetate. The extract is dried, and concentrated under
reduced pressure to give 4-(3-chloro-4,5-dimethoxyphenyl)-4-methyl-3-
methoxycarbonyl-3-butenoic acid as an amber oil.

The product thus obtained is dissolved in dichloromethane (100 ml), and
thereto are added diisopropyl ethylamine (11.0 ml) and methoxymethy! chloride
(4.8 ml) at 0°C, and the mixture is stirred at room temperature overnight. The
reaction mixture is concentrated, and thereto is added aqueous citric acid
solution, and then extracted with eihyl acetate. The extract is washed, dried,
_an& concentrated under reduced pressure. The residue is purified by silica gel
column chromatography (eluent; ethyl acetate:hexane = 1:3 — 2:3) to givé (Z)-
4-(3-chloro-4,S-dimethoxyph_enyl)-4-methyl~3-methoxycarbonyl-3-b\fECnoic
acid methoxymethyl ester (3.18 g) and (E)-4-(3-chlom-4,5-dimeth6xyiii1enyl)-4-
methyl-3-methoxycarbonyl-3sbﬁtcnoic acid methoxymethyl ester (9.12 g).
(Z)-4—(3—Chloro-4,5—dimethoxyphenyl)-4-methyl-3-methoxycarbonyl-3-
butenoic acid methoxymethyl ester:

Yield: 16.2 %

IR: 1735, 1563, 1491, 1148, 932 cm-!
(E)-4-(3-Chloro-4,5-dimethoxyphenyl)-4-methyl-3-methoxycarbonyl-3-
butenoic acid methoxymethyl ester:

Yield: 46.5 %
IR: 1738, 1562, 1491, 1146, 932 cm!

(5) To asolution of diisopropylamine (1.33 ml) in tetrahydrofuran (20

ml) is added graduaﬂy and dropwise a 1.6 N solution of n-butyl lithium in
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hexane (5.91 ml) at 0°C, and the mixture is stirred at the same temperature for 30
minutes. The solution is cooled to —78°C, and thereto is added gradually and
dropwise a solution of (Z)-4-(3-chloro-4,5-dimethoxyphenyl)-4-methyl-3-
methoxycarbonyl-3-butenoic acid methoxymethyl ester (2.94 g) in
tetrahydrofuran (20 ml), and the mixture is further stirred at the same
ternperature for 30 minutes. The reaction mixture is cooled to —-90°C, and
thereto is added gradually and dropwise a solution of isonictinaldehyde (1.01 g)
in tetrahydrofuran (10 ml), and the mixture is stirred at ~90°C for 20 minutes.
To the reaction mixture is added a saturated aqueous ammonium chloride
solution, and the mixture is extracted with ethyl acetate. The organic layer is
washed, dried, and concentrated under reduced pressure to remove the solvent
to give (Z)-4-(3-<_:hloro—4,S-dimethoxyphenyl)—4-methyl-3-methoxycarbonyl-z-
(4-pyridylhydroxymethyl)-3-butenoic acid methoxymethyl ester.

The above product is dissolved in dichloromethane (50 ml), and thereto
are added triethylamine (7.54 ml) and methanesulfonyl! chloride (0.977 mi) at
0°C. The mixture is warmed to room temperature, and stirred overnight. To the
mixture is added 1,8-diazabicyclo[5.4.0Jundeca-7-ene (DBU, 1.18 ml), and the
mixture is stirred at room temperature for 3 hours. The reaction mixture is
concentrated, and thefeto is added water. The mixture is extracted with ethyl
acetate, washed, dried and concentrated under reduced pressure to remove the
solvent. The residue is purified by silica gel column chromatography (eluent;
chloroform:acetone = 6:1) to give (1Z,3E)-1-methyl-1-(3-chloro-4,5-dimethoxy-
phenyl)-z-methoxycarbonyl-3-methoxymethoxycarbonyl—4-(4-pyridyl)-
butadiene (2.007 g).
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Yield: 55.1 %
IR: 1720, 1594, 1563, 1490, 1253, 1047, 927 cm}

(6) To a solution of the above product (2.0 g) in tetrahydrofuran (20
ml) is added 12 N hydrochloric acid (2.0 ml) at 0°C, and the mixture is stirred at
room temperature for two hours. The reaction mixture is cooled with ice, and
the pH value thereof is adjusted to pl:{ 4-5 with 2N aqueous sodium hydroxide
solution, and the mixture is extracted with ethyl acetate. The extract is dried,
and concentrated under reduced pressure to give (1Z,3E)-1-methyl-1-(3-chloro-
4,5-dimethoxyphenyl)-2-methoxycarbonyl-3-carboxy-4-(4-pyridyl)butadiene
as a yellow solid.

The above product is dissolved in dichlorométhane (20 ml), and thereto
are added triethylamine (0.67 ml) and isobutyl chioroformate (0.62 ml) under
ice-cooling. The mixture is stirred at the same temperature for 30 minutes, and
thereto is added a 28 % aqueous ammonia (2.8 ml) at 0°C. The mixture is stirred
at 0°C for 30 minutes. The 2-fold diluted, saturated aqueous sodium chloride
solution is added to the reaction mixture, and the mixture is extracted with
chloroform. The extract is dried, concentrated under reduced pressure, and the
resulting residue is purified by silica gel column chromatography (eluent;
chioroform:methanol = 20:1) to give 1-methyl-1-(3-chloro-4,5-dimethoxy-
phenyl)-2-methoxycarbonyl-3-aminocarbonyl-4-(4-pyridyi)butadiene (1.498 g).

Yield: 83.0 %

IR: 1720, 1676, 1595, 1240, 1047, 999, 855 cm-!

The product thus obtained is in the form of a mixture of stereoisomers

based on the double bond at 1-position, and the ratio of the Z-isomer and E-
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isomer is 2.5:1.

(7) The above product is purified and separated by silica gel column
chromatography (eluent; chloroform:acétont; = 5:1) to give (1Z,3E)-1-methyl-1-
(3-chloro-4,5-dimethoxyphenyl)-2-methoxycarbonyl-3-aminocarbonyl-4-(4-
pyridyl)butadiene. The structure and the physical properties thereof are shown
in Table 13.

Examples 50-53
The corresponding starting compounds are treated in the same manner as

in Example 49 to give the compounds as listed in Table 13.
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Table 13

Q—Nﬂz
O

Physical properties

IR: (cm-1) 1720, 1676,
;595, 1240, 1047, 999,
55

M.p. 177-178°C (decomp.)}
monohydrochloride :

M.p. 154-157°C (decomp.)
monohydrochloride 1

M.p. 172-175°C
monohydrochloride

M.p. 87-89°C
monohydrochloride
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Example 54

(1)  The compound (800 mg) obtained in Example 49-(7) is dissolved
in tetrahydrofuran (20 ml), and thereto is added a 2N aqueous sodium
hydroxide solution (0.48 ml) under ice-cooling. The mixture is warmed to room
temperature and stirred for one hour. To the reaction mixture are added water,
and the mixture is extracted with chloroform. The extract is washed, dried, and
concentrated under reduced pressure. The residue is purified by silica gel
column chromatography (eluent: chloroform:methanol = 20:1), and further
recrystallized from a mixture of hexane and ethyl acetate to give (3Z.4E)-3-(3-
chloro-4,5-dimethoxy-o-methylbenzylidene)-4-(4-pyridylmethylidene)-
pyrrolidine-2,5-dione (82 mg).

Yield: 11.1 %

M.p. >194°C (decomposed) |

IR:  1721,1599, 1491, 1328, 1049 cm-!

(2) The above product (75 mg) is dissolved in a mixture of
tetrahydrofuran (1 ml) and dioxane (1 ml), and thereto is added a 4N solution of
hydrogen chloride in dioxane (0.054 ml), and the mixture is stirred at room
temperature for crystallization .to give a pale yellow solid. The mixture is
concentrated under reduced pressure to remove the solvent, and the residue 1s
triturated with diethyl ether, and the resultant is further stirred in a mixture of
methanol and diethyl ether at room temperature to crystallize to give (3Z,4E)-3-
(3-chloro-4,5-dimethoxy-o-methylbenzylidene)-4-(4-pyridylmethylidene)-
pyrrolidine-2,5-dione hydrochloride (70 mg). The structure and the physical

properties thereof are shown in Table 14.
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Yield: 85.3 %
M.p. >200°C (decomposed)

IR: 1728, 1634, 1491, 1312 cm-1
Examples 55-58

5 The corresponding starting compounds are treated in the same manner as

in Example 54 to give the compounds as listed in Table 14.
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Ring A . Physical properties

CH3O

M.p. >200°C (decomp.)
IR: (cm1) 1728, 1634,
1491, 1312
monohydrochloride

Q

CH30O

M.p. 179-180°C (decomp.)}
monohydrochloride

CH30 | M.p. 205-207°C (decomp.)}
O— monchydrochloride

M.p. 134-135°C
monohydrochloride

M.p. 125-129°C
monohydrochloride
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Example 59

¢} - To a solution of potassium tert-butoxide (16.8 g) in tert-butyl
alcohol (150 ml) is added dropwise with stirring a solution of benzaldehyde
(15.9 g) and dimethyl succinate (26.'3 g) in tert-butyl alcohol (20 ml) at room
temperature, and the mixture is stirred for 30 minutes. The reaction mixture is
poured into ice-water (200 ml), and the mixture is extracted with isopropyl
ether. The pH value of the aqueous layer is adjusted to pH 2-3, and extracted
with ethyl acetate. The extract is washed, dried, and concentrated under
reduced pressure. The residue is dissolved in a mixture of toluene (50 ml) and ]
ethylene glycol monomethyl ether (50 ml), and thereto is added dropwise

thionyl chloride (16.4 ml) at 0°C. The mixture is allowed to stand at room

“temperature overnight, and the mixture is concentrated under reduced pressure.

The residue is purified by silica gel column chromatography (eluent; hexane:
ethyl acetate = 4:1) to give (E)-3-methoxycarbonyl-4-phenyl-3-butenoic acid 2-
methoxyethyl ester (26.9 g).

Yield: 65 % |

(2) A solution of the above product (14 g) and 3-cyélopentyloxy-4-
methoxybenzaldehyde _(1 1.1 g) in tert-butyl alcohol (100 ml) is added dropwise
into a solution of potassium tert-butoxide (6.2 g) in tert-butyl alcohol (40 ml) at
room temperature, and the mixture is s.tirred at the same temperature for one

hour. The reaction mixture is poured into water, and the mixture is extracted

' with diisopropyl ether. The pH value of the aqueous layer is adjusted to pH 2-3

with hydrochloric acid, and extracted with ethyl acetaté. The extract is washed,

dried, and concentrated under reduced pressure to remove the solvent. The
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residue is washed with diethyl ether to give (E)-2-[(E)-3-cyclopentyloxy-4-
methoxybenzylidene]-3-carboxy-4-phenyl-3-butenoic acid methyl ester (23.4
g |

Yield: 67 %

(3) To a solution of the above product (5.0 g) in chloroform (100 ml)
are added a few drops of N,N-dimethylformamide and thionyl chloride (0.82 ml),
and the mixture is refluxed for 30 minutes. The solution is added dropwise with
vigorously stirring into 2-picolylamine under ice-cooling. The mixture is further
stirred for 30 minutes, and the organic layer is separated, washed, dried and
concentrated under reduced pressure. The residue is purified by silica gel
column chromatography (eluent; chloroform:acetone = 5:1) to give (1E,3E)-1-(3-
cyclopentyloxy-4-methoxybenzylidene)-2-(2-methoxyethoxycarbonyl)-3-(2-
pyridylmethyiaminocarboﬂyl)-4-phenylbutadiene (2.7 g).

Yield: 24 %

(4) To a solution of the above product (2.7 g) in tetrahydrofuran (20
ml) is added a 4N solution of hydrogen chloride in dioxane (1.33 ml), and the
mixture is stirred for 10 minutes. -The mixture is concentrated under reduced
pressure to remove the solvent, and the residue is crystallized from isopropyl
ether to give (1E,3E)-1-(3-cyclopentyloxy-4-methoxybenzylidene)-2-(2-
methoxyethoxycarbonyl)-3-(2-pyridylfn§thylaminocarbonyl)-4-phenyl-
butadiene hydrochloride (1.9 g). The structure and the physical properties
thereof are shown in Table 15.

Yield: 66 %

M.p. 167-168°C
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Examples 60-85
The comresponding starting compounds are treated in the same manner as

in Example 59 to give the compounds as listed in Tables 15-20.

Table 15

Physical properties

M.p. 167-168°C
monochydrochloride

M.p. 163-164°C
monohydrochloride

M.p. 156-157°C
monohydrochloride

M.p. 85-86°C
monohydrochloride
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C- O(CH,),0CH;

C-N-R
1]
o H

Physical properties

M.p. 134-135°C
monochydrochloride

M.p. 142-144°C
monohydrochloride

M.p. 154-156°C
monohydrochloride

M.p. 81-83°C
monohydrochloride
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Table 17

Q
C- OCH(CHy),

C-N-R
il
0 H

Physical properties

M.p. 197-199°C
—CH, monohydrochloride

—CH, 7N M.p. >85°C (decomp.)
\o—=/ monchydrochloride

—cu— M.p. >102°C (decomp.)
CHZ_QN monohydrochloride
-N(CH;), M.p. >90°C (decomp.)

monohydrochloride
~(CH,),N(CH3), M.p. >83°C (decomp.)
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Table 18

?
CH,0 Q . C-O(CH,),0CH;

Cl
~
( Y2~c-nr

O

Physical properties

M.p. 200-202°C
monohydrochloride

M.p. >65°C (decomp.)
monohydrochloride

M.p. >105°C (decomp.)
monohydrochloride

M.p. >70°C (decomp.)
monohydrochloride
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Table 19

0
C-OCH,

C-NH,
0

z |
OB
\ / |

Physical properties

M.p. 114-116°C

Y

M.p. 189-190°C

Y

M.p. 190-192°C

¥

M.p. 205-207°C

)

M.p. 144-146°C

0
S

M.p. 173-175°C

M.p. 132-133°C
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Table 20

?
D Locn,
3

CH,0 Q ZNc-NH,
| o

Physical properties

M.p. 198°C

Example 86 |

(1)  To a solution of the 'compound (1.17 g) obtained in Example 59-
(4) in tetrahydrofuran (10 ml) is added a 2N aqueous sodium hydroxide solution
(10 ml), and the mixture is stirred at room temperature for 10 minutes. To the
mixture is added 2N hydrochloric acid, and the mixture is concentrated under
reduced pressure. Chloroform is added to the residue, and the mixture is
washed, dried, and concentrated under reduced pressure to give (3E,4E)—3-(3-
cyclopentyloxy-4-methoxybenzylidene)-4-benzylidene-1-(2-pyridylmethyl)-
pyrrolidine-2,5-dione (1.1 g).

Yield: 98 % _

(2) To asolution of the above product (1.1 g) in tetrahydrofuran (10
ml) is added a 4N solution _of hydrogen chloride in dioxane (0.7 ml) at 0°C, and
the mixture is stirred for 10 minutcs. The mixture is concentrated under reduced
pressure, and the residue is crystallized from ether to give (3E,4E)-3-(3-cyclo-

pentyloxy-4-methoxybenzylidene)-4-benzylidene-1-(2-pyridylmethyl)-
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pyrrolidine-2,5-dione hydrochloride (1.1 g). The structure and the physical
properties thereof are shown in Table 21.

Yield: 88 %

M.p. 134-135°C
Examples 87-103

The corresponding starting compounds are treated in the same manner as
in Example 86 to give the compounds as listed in Tables 21-24.

Table 21 |

-RS Physical properties

N—i M .
.p. 134-135°C
- CHzQ monohydrochloride

N
—CH 2_@ M.p. 92-93°C (decomp.)
=/ monohydrochioride

— 7/ N M.p. 109-110'C(decomp.)
CHz_QN monohydrochloride -

_ M.p. 96-97°C
(CH,);N(CHs), monohydrochloride

| M.p. 197-198°C
monohydrochlonde




WO 97/36864 , PCT/IP97/01017
N

65

Table 22

Physical properties

M.p. 174-175°C
monohydrochloride

M.p. 203-204°C
monohydrochloride

M.p. 216-217°C
monohydrochloride
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Table 23

—R5 Physical properties
AR\ M.p. 216-217°C
—CH;—( _ /7 = | monohydrochloride

N
—cH,—{ M.p. >225°C (decomp.)
=/ | monohydrochloride

=

—_— / N M.p. >140°C (decomp.) .|
CHZ_QN monohydrochloride

-(CH,),N(CH;), xéﬁb;;gfoghl(ggggmp.)
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Table 24

Physical properties

M.p. 88°C

M.p. 94-97°C

M.p. 162-163°C

M.p. 167-169°C

M.p. 119-120°C




WO 97/36864 PCT/IP97/01017

68

Examples 104-107

The corresponding starting compounds are treated in the same manner as
in Example 23-(1), and the products thus obtained are purified by silica gel
column chromatography to separate (1E,3E)-isomers from the mixture, which are
furthef treated in the same manner as in Example 2 to give the compounds as
listed in Table 25.
Example 108

The corresponding starting compounds are treated in the same manner as

in Example 23-(1) and -(2) to give the compound as listed in Table 25.
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Table 25

Physical properties

M.p. 120-121°C
monohydrochloride

M.p. 149-150°C
monohydrochloride

M.p. 162-163°C
monohydrochloride

M.p. 88-89°C (decomp.)
monohydrochloride
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Examples 109-111

The corresponding starting compounds are treated in the samc manner as
in Example 6 to give the compounds as listed in Table 26.

Example 112

The corresponding starting compounds are treated in the same manner as

in Example 5 to give the compound as listed in Table 26.

Table 26

Physical properties

monohydrochloride

M.p. 116-117°C (decomp.)}
monohydrochloride %

M.p. 118-119°C (decomp.)
monohydrochloride
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Examples 113-116
The corresponding starting compounds are treated in the same manner as

in Example 11 to give the compounds as listed in Table 27.

Table 27

Physical properties

M.p. 92-93°C
monohydrochloride

M.p. 95-96°C
monohydrochloride

Examples 117-130
The corresponding starting compounds are treated in the same manner as

in Example 1-(1) — (6) to give the compounds as listed in Tables 28-29.
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Table 28
|
|
C-OCH
Ex. C-OCH, |
No. |
¢-OH |
0
Ring A -R! Physical properties

A

117 -H Not isolated. |
CHs | | |

§ 118 -CH; | Not isolated.
’ CHj :
CH; IR: 2958, 1712, 1690,

i 119 - -H 1605, 1509, 1269, 1034,

_ 786, 694 cm!

| CH30 | IR: 3410, 2952, 1706, ;

| 120 O_O@_ —CH, | 1685, 1600, 1510, 1246, |
1130, 1047, 788, 695 cm! |

i
n

1049, 1001, 853, 789, 694
cm-t

ke

‘ CH10 | |
| 121 _cH.  |IR:2944,1715,1691, |
| 3 | 1560, 1044, 789, 694 cm! |
| CH;0 I
|
E CH30 |
| IR: 2948, 1710, 1690
| 2 . » » Py
| 122 | oo Q CHs 11509, 1040, 694 et |
i CH30 i |
. _ |
% CH;0 IR: 2043, 1709, 1692, I
; 123 CH;3 ~CH, 1563, 1491, 1325, 1252, |
| |
| |

|
|
|
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Table 29
- e
| | 2 0
| Ex. R'—-C-OCH;,4
i No. '
|
N H—"c-0H
1
‘ Ring A ' -R! Physical properties
O
| :o: _ M.p. 140-144°C
i 124 H monohydrochloride
; CH; '
| 125 -CH;  |M.p. 171-175°C
| . CHy |
| - -
l CH30 ' IR: 3427, 2949, 1726,
! 126 O_‘)@‘ ~H 1596, 1511, 1431, 1274,
| 1155, 1036, 785, 605 cm-!
|
} CHy IR: 2944, 1695, 1603,
{127 O_ ' —CH; | 1511, 1433, 1248, 1140,
} ' 784, 611 cm-} ;
5 CH30 ‘
| 128 D_ ~CH; |Mp. 172-174°C
‘ CH30 :
| |
f CH30 :
_ IR: 2946, 1705, 1600, i
| 129 | cH0 z > CHs 11512, 1270, 1150, 603 cmr! |
CH30
CH;0. ' |

| 130 CH30§}' -CH; | Notisolated. |

Cl ;
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Examples 131-144

The corresponding starting compounds are treated in the same manner as
in Example 1-(1), «(2), —~(5) and —(6), or Example 23 to give the compounds as
listed in Tables 30-31.
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Table 31

| Ex.
§ No.

| Ring A -R!? Physical properties

1 138 -H |
I CH;0 '
| i

i 139 ~CH3 N
i . CH3 o |
CH30.

| O |
141 O_

CH30 | |
| 142 D— -CH;  |Mp. 170-172°C |

i

{
3 |
. CH30O 1;
i 143 CH3O-@— -CH,; M.p. 154-160°C ‘
| i
| |
| |

|

—CH;

0

o
iw

o

144 | CH;0 -CH;




i

L 4]

10

15

20

WO 97/36864 : _ PCT/JP97/01017

77

Examples 145

(1)  3,5-Dimethoxyacetophenone (246 g) and (E)-benzylidenesuccinic
acid dimethyl ester (320 g) are dissolved in tert-butyl alcohol (1300 ml), and
thereto is added potassium tert-butoxide (168.6 g) at room temperature, and the
mixture is stirred. The mixture is allowed to cool to room temperature, and the
mixture is further stirred at the same temperature for two hours. To the reaction
mixture are added water (3 L) and diisopropyl ether (700 ml), and the agueous
layer is separated. To the remaining organic layer is added water, and the
aqueous layer is separated. The aqueous layers are combined, and the pH value
thereof is adjusted to pH 2-3 with conc. hydrochloric acid. The resulting oily
product is extracted with ethyl acetate, and the extract is dried, and
concentrated to give oily l;mcthyl-l-(3~.5-dimethoxypheny1)-Z-methoxy-
carbonyl-3-—cafboxy-4—phenylbutadiene (580 g) which is a mixture of (1Z,3E)-
isomer and (1E,3E)-isomer. The oily product thus obtained is dissolved in
diisopropyl ether-hexane, and the mixture is stirred at room temperature, and the
precipitated crystals are collected. To the crystals is added ethy! acetate (1 L),
and the mixture is heated at about 86°C. ahd:the remaining crystals are
collected by filtration to give (1E,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-
methoxycarbonyl-3-carboxy-4-phenylbutadiene (the same compound as the
compound of Example 135) (117 g). The mother liquor (the filtrate) is
concentrated, and ethyl acetate (700 ml) is added to the residue, and the
(1Z,3E)-isomer is inoculated thereto. The mixture is stirred, and the precipitated
crystals are collected to give (1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-

methoxycarbonyl-3-carboxy-4-phenylbutadiene (the same compound as the
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compound of Example 121) (192 2).

(2) (1Z,3E)-1-Methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-
carboxy-4-phenylbutadiene (487 g) is dissolved in methylene chloride (1000
ml), and thereto is added N,N-dimethylformamide (1 ml). To the mixture is added
dropwise oxazolyl chloride (133.3 ml), and the mixture is stirred for one hour.
The reaction mixture is concentrated, and the residue is dissolved in tetrahydro-
furan (4 L), and thereto is added dropwise a mixture of triethylamine (214 ml)
and 1-amino-4-methylpiperazine (168 mg) at 0°C. The reaction mixture is
extracted with ethyl acetate, and the extract is dried, concentrated, and the

residue is crystallized from diisopropyl ether to give (1Z,3E)-1-methyl-1-(3,5-

'dimethoxyphenyl)-2-methoxycarbonyl-3-[N-(4-methylpiperazin-1-yl)amino-

carbonyl}-4-phenylbutadiene (490 g).
Yield: 81 %

-

M.p. 117-121°C

(3)  The above product (268 g) is dissolved in chloroform, and thereto
is added 54N hydrochloric acid in ethyl acetate (125 ml) at 0°C. The mixture is
poured into chilled diethyl ether, and the precipitated crystals are collected by
filtration to give (1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-methoxy-
carbonyl-3-[N-(4-methylpiperazin-1-yl)aminocarbonyl}-4-phenyl-
butadiene-monohydrochloride (the same compound as the compound of
Example 147) (278 g).

Yield: 97 %

M.p. >234°C (decomposed)
Example 146
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(1E,3E)-1-Methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-
carboxy-4-phenylbutadiene (114 g) obtained in Example 145-(1) is suspended
in tert-butyl alcohol, and thereto is added potassium tert-butoxide (40.1 g), and
the mixture is stirred. The reaction mixture is allowed to cool to room
temperature, and further stitred for two hours. The reaction mixture is treated in

. the same manner as in Example 145 to give (1E,3E)-1-methyl-1-(3,5-dimethoxy-
phenyl)-2-methoxycarbonyl-3-carboxy-4-phenylbutadiene (the same
compound as the compound of Example 135) (32 g} and (1Z,3E)-1-methyl-1-
(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-carboxy-4-phenylbutadiene (the

| same compound as the compound of Example 121) (61.5 g).

Examples 147-174
The corresponding starting compounds are treated in the same manner as

in Example 11 to give the compounds as listed in Tables 32-36.



(4]

<}

WO 97/36864

80

Table 32

PCT/IP97/01017

-R -R’ Physical properties
!
3 _ an M.p. >234°C (decomp.)
| 147 CH, —N__ N-CHs monohydrochloride
| -
| 148 -CH;3 \ ,N—O M.p. >200°C (decomp.)
| .
| - <—\ M.p. >87°C (decomp.)
\; 149 CH, \_ OCH; monohydrochloride
N(CH
150 -CH (CH3)2 M.p. >97°C (decomp.)
? 3 monohydrochloride
z CHj
151 | -CH, —-L_(O M.p. 143-146°C
' N
’ _ < :> M.p. >218°C (decomp.)
4 152 CH, N(CH3); monohydrochloride
~CH, __CN_ CH; M;p. >184°C (decomp.)

; 153

monohydrochloride
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Table 33

Physical properties

M.p. >215°C (decomp.)
monohydrochloride

M.p. 119-120°C

M.p. >130°C (decomp.)
monohydrochloride

M.p. >100°C (decomp.)
monohydrochloride

M.p. >225°C (decomp.)
monohydrochloride
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Table 34

PCT/IP97/101017

Physical properties

M.p. 113-115°C

| monohydrochloride

M.p. 89-91°C
monohydrochloride

T it

M.p. 74-76°C
monchydrochloride

M.p. 145-149°C
monohydrochloride

M.p. 135-140°C
monohydrochloride

M.p. >256°C
monohydrochloride
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Table 35

Physical properties

M.p. 114-120°C
monohydrochloride

M.p. 124-127°C
monohydrochloride

M.p. 120-127°C
monchydrochlonde
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Table 36

Physical properties

M.p. 91-93°C
monohydrochloride

M.p. 110-114°C
monohydrochloride

L s e

M.p. 106-112°C .
monohydrochloride

M.p. 66-70°C
monohydrochloride

M.p. 60-65°C
monohydrochloride

M.p. >124°C (decomp.)
monohydrochloride

M.p. >130°C (decomp.)
monohydrochloride
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The corresponding starting compounds are treated in the same manner as
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in Example 49 to give the compounds as listed in Table 37.
Table 37

i Ex.
3 No.

, Ring B -R Physical properties
I

{ /4 e

; 175 O~ N\ H M.p. 201-202°C

\ S ==

| .

’ yom M.p. 196-198°C (decomp)
? 176 N H monohydrochloride
| = _ M.p. 105-109°C

| 177 N 7 CH;y monohydrochloride
!

| , |

| 178 O*N:}—— ~CH, M.p. 159-160°C

| _

| _ 7 N\

[ 179 O ~CH; M.p. 160-161°C

|

|
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Example 180

(1)  Potassium tert-butoxide (14.2 g) is dissolved in tert-butyl alcohol
(120 ml), and thereto is added dropwise a solution of 3,5-dimethoxybenz-
aldehyde (20 g) and dimethyl succinate (21.1 g) in tetrahydrofuran. The mixture
is stirred at room temperature for 30 minutes, and water and isopropyl ether are
added to the mixture. The aqueous layer is separated, and the remaining organic
layer is further extracted with water. The aqueous layers are combined, and the
pH value thereof is adjusted to pH 2-3 with conc. hydrochloric acid. The
resulting oily product is extracted with ethyl acetate, and the extract is dried,
concentrated under reduced pressure to give 4-(3,5-dimethoxyphenyl)-3-
carboxy-3-butenoic acid methyl ester (42 g) as an oily product.

(2) The above product is dissolved in methanol (200 m1l), and thereto
is added conc. sulfuric acid (2 ml), and the mixture is reﬁuxed for 13 hours. The

- reaction mixture is concentrated, and thereto are added water and diethyl ether.

The organic layer is collected, washéd, dried and concentrated under reduced
pressure. The resulting residue is purified by silica gel column chromatography
(eluent; ethy! acetate:hexane = 1:4) to give (E)-2-(3,5-dimethoxybenzylidene)-
succinic acid dimethyl ester (18.4 g).

Yield: 52 % |

(3) The above product (18.4 g) and 3,5-dimethoxyacetophenone
(11.83 g) are dissolved in tert-butyl alcohol (70 ml), and thereto is added
potassium tert-butoxide (8.42 g), and the mixture is stirred. The reaction mixture
is stirred at room temperature for two hours, and thereto are added water and

| isopropy! ether. The aqueous layer is separated, and the remaining organic layer
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is extracted with water. The aqueous layers are combined, and the pH value
thereof is adjusted to pH 2-3 with conc. hydrochloric acid. The resulting oily
product is extracted with ethyl acetate, and the extract is dried, and
concentrated under reduced pressure. Isopropyl ether is added to the residue, |
and the precipitated crystals are collected by filtration to give (1Z,3E)-1-methyl-
1-(3,5-dimethoxypheny!)-2-methoxycarbonyl-3-carboxy-4-(3,5-dimethoxy-
phenyl)butadiene (4.74 g).

Yield: 17.1 %

(4) The mother liqﬁor (the filtrate) is concentrated, and isoprdpyl ether
is added to the residue. The mixture is stirred at room temperature, and the
precipitated crystals are collected to give 1-methyl-1-(3,5-dimethoxyphenyl)-2-
methoxycarbqny]-S-carboxy-4-(3,5-dimethoxyphenyl)butadicne (9.2 g) in the

‘form of a mixture of (1Z,3E)-isomer and (1E,3E)-isomer thereof.

Yield: 33.3 %

(5) The above mixture (9.0 g) is suspended in tert-butyl alcohol (50
ml), and thereto is added potassium tert-butoxide (2.51 g). The mixture is stirred
at room temperature for two hours, and then acidified by adding thereto water
and 12N hydrochloric acid. The mixture is extracted with ethyl acetate, and the
extract is dried, concentrated. To the residue is added diisopropy} ether (30 ml),
and the mixture is stirred at 0°C. The precipitated crystals are collected to give
(1Z,3E)-1-methyl-1 -(3,5 -dimgthoxyphenyl)—2-mcthoxycarbony1-3-carboxy-4—
(3,5-dimethoxyphenyl)butadiene (3.6 g).

Yield: 13.0 %

M.p. 137-140°C



10

15

20

WO 97/36864 PCT/IP97/01017

88

IR: 1724, 1670, 1591, 1423, 1206, 1156 cm-}

(6) (1Z,3E)-1-Methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-
carboxy-4-(3,5-dimethox yphenyl)butadiene (1.70 g) is dissolved in dichloro-
methane (20 ml), and thereto are added a catalytic amount of N,N-dimethyl-
formamide and oxalyl chloride (0.4 ml). The mixture is stirred at room
temperature for one hour, and the reaction mixture is concentrated. To th_e
residue is added tetrahydrofuran (20 ml), and the mixture is added dropwise into
a solution of 1-methylpiperazine (462 mg) and triethylamine (0.65 ml) in
tetrahydrdfuran (20 ml), and thé mixture is stirred at 0°C for 30 minutes. To the
reaction mixture are added wéter and _ethyl acetate, and the organic layer is
collected. The remaining aqueous layer is extracted with ethyl acetate. The
organic layers are combined, dried, and concentrated. The residue is pixriﬁed by
silica gel column chromatography (eluent; chloroform:methanol = 30:1) to give
(1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-(4-methyl-
piperazin-1-yl)carbonyl-4-(3,5-dimethoxyphenyl)butadiene (2.0 g).

Yield: 99.2 % |

IR: 1727, 1591, 1425, 1200, 1155 cm!

(7)  The above product (2.0 g) is dissolved in chloroform (10 ml), and
thereto is added 4N hydrochloric acid in ethyl acetate (1.05 ml) at 0°C, and the
mixture is stirred for several minutes. To the reaction mixture is added dimethyl
ether, and the mixture is stirred. The precipitated crystals are collected by
filtration to give (1Z,3E)-1-methy!-1-(3,5-dimethoxyphenyl)-2-methoxy-
carbonyl-3-(4-methylpiperazin-1-yl)carbonyl-4-(3,5-dimethoxyphenyl)-

butadiene-monohydrochloride (1.70 g). The structure and the physical
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properties thereof are shown in Table 38.
Yield: 79.5%
M.p. >133°C (decomposed)

IR: 3436, 1725, 1591, 1425, 1206, 1156 cm"!
5  Examples 181-183

The corresponding starting compounds are treated in the same manner as

in Example 180 to give the compounds as listed in Table 38.
Table 38

1

i

l

i ‘

i CH3 ) i
| N M.p. >133°C (decomp.) |

| 180 OD —N\ N CH3 | monohydrochloride |

Ring B -R Physical properties
CH30
| - IMp. 130°C |
184 Q— —N_ NCHs | monohydrochloride 1
CH;30. .
w3 M.p. 202-204°C 1
2 D_ H \= N | monohydrochloride g
CH30
| |
183 - —N M.p. <110°C |
N‘="—NH2 '
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Example 184
The corresponding starting compounds are treated in the same manner as

in Example 26 to give the compound as listed in Table 39.

Table 39

Physical properties

M.p. 212-214°C
monohydrochloride

Examples 185-189
The corresponding starting compounds are treated in the same manner as

in Example 11 to give the compourids as listed in Table 40.
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Table 40

Physical properties

M.p. >184°C (decomp.)
monohydrochloride

M.p. 65°C (decomp.)

M.p. <70°C
monohydrochloride

M.p. 130-132°C
monohydrochloride

M.p. <50°C

INDUSTRIAL APPLICATION
The butadiene derivative (1-a), the amidobutadiene derivative (1-b) and
5 the pyrrolidine derivative (2) of the present invention and a pharmaceutically
acceptable salt theregf show an excellent PAI-1 inhibitory activity, and hence,

they are useful in the prophylaxis or treatment of various thrombus such as |
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high stability against light.
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myocardial infarction, intra-atrial thrombus in atrial fibrillation, arterial sclerosis,
angina pectoris, stroke, pulmonary infarction, deep venous thrombus (DVT),
disseminated intravascul_ar coagulation syndrome (DIC), diabetic complications,
restenosis after percutaneous transluminal coronary angioplasty (PTCA), etc.
Besides, the present compounds (1-a), (1-b) and (2) also show excellent
bioavailability, safety as 2 medicament, and stability, and hence, they show low
toxicity and high safety as a medicament. Especially, among the present
compounds (1-b), the compounds having a trans(E)-configuration based on the
double bond binding to Ring B, a cis(Z)-configuration based on the double
bond binding to Ring A show (i) high solubility in water, (ii) high stability to the

metabolism in the liver, (iii) low toxicity against in the liver and chromosome, (iv)

st
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1. A butadiene derivative of the formula (1-a):
; &),
RINRL t-R32
Gy
2 ©

wherein Ring A is a substituted or unsubstituted heterocyclic group, or a
10  benzene ring which may optionally be substituted by a group selected from a
lower alkyl group, an alkoxy group, a nitro group, a hydroxy group, a
substituted 6r unsubstituted amino group and a halogen atom,
Ring B is a substituted or unsubstituted heterocyclic group, or a benzene
ring which may optionally be substituted by a group selected from a lower
15 alkoxy group, a lower alkylenedioxy group and a di-lower alkylamino group,
R! and R? are the same or different, and each are a hydrogen atom or a
lower alkyl group,
one of a group: ~COR32 and a group: ~COR4Z is a carboxy]l group, and
the other is a carboxy! group which may optionally be esterified,
20  provided that both Ring A and Ring B. are not simultaneously an unsubstituted

benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B
- is a substituted or unsubstituted heterocyclic group, or at least one of R} and R2

is a lower alkyl group, or a pharmaccutiéally acceptable salt thereof.

2. An amidobutadiene derivative of the formuta (1-b):

This Sheet Has Been Replaced
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R2

wherein Ring A is a substituted or unsubstituted heterocyclic group, or a
benzene ring which may opticnally be substituted by a group selected from a
lower alky] group, an alkoxy group, a nitro group, a hydroxy group, a
substituted or unsubstituted amino group and a halogen atom,

Ring B is a substituted or unsubstituted heterocyclic group, or a benzene
ring which may optionally be substituted by 5 group selected from a Jower
alkoxy group, a lower alkylenedioxy group and a-di—ldwer alkylamino‘group,

R! and R? are the same or different, and each are a hydrogen atom or a
lower alkyl group,

one of a group: ~COR33 and a group: -COR43 is an amidated carboxyl
group, and the other is a carboxyl group which may optionally be esterified or
an amidated carboxyl group,
provided that both Ring A and Ring B are not simultaneously an unsubstituted
benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B
is a substituted or unsubstituted heterocyclic group, or at least one of R! and R2

is a lower alky] group, or a pharmaceutically acceptable salt thereof.

3. A compound according to claim 2, wherein a group: -COR33 is an

esterified carboxyl group, and a group: -COR#3 is an amidated carboxyl group,

" This Sheet Has Been Replaced
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or a pharmaceutically acceptable salt thereof.

4. A compound according to any one of claims 2 and 3, wherein a
group: ~COR43 is a carbamoy) group which may optionally be substituted by 1

or 2 groups selected from a substituted or unsubstituted alkyl group, a
substituted or unsubstituted phenyl group, a substituted or unsubstituted amino
group and a substituted or unsubstituted nitrogen-containing heterocyclic
group, or a pharmaceutically acceptable salt thereof.

5. A compound according to any one of claims 2, 3 and 4, wherein
Ring A is a benzene ring substituted by a group selected from an alkoxy group,
a nitro group, a hydroxy group, a di-lower alkylamino group and a halogen
atom, Ring B is a nitrogen—containing heteromonocyclic group, a benzene ring
or a Jower alkylenedioxy-substituted benzene ring, or a pharmaceutically
acceptable salt thereof.

6. A compound according to any one of claims 2, 3, 4 and 5, wherein
Ring A is a benzene ring substituted by two of three groups selected from a
lower alkoxy group, a nitro group, a hydroxy group, a di-lower alkylamino

group and a halogen atom, Ring Bisa pyridine ring, a benzene ring, or a lower

alkylenedioxy-éubstituted benzene ring, R} is a lower alkyl group, R2is a
hydrogen atom, a group: ~COR33 is a lower alkoxycarbonyl group or a lower

alkoxy-substituted lower alkoxycarbonyl group, a group: ~-COR43 is a

carbamoyl group which may optionally be substituted by one group selected
from a pyridyl group, an oxo-substituted pyridy! group, an amino-substituted
pyridyl group, a lower alkoxy-substituted pyridyl group, a lower alkyl-

substituted piperidyl group, a lower élky]-substituted piperazinyl group, a

This Sheet Has Been Replaced
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piperazinyl group substituted by a lower alkyl group and an oxo group, a lower
alkyl-substituted isoxazolyl group, a pyrazolyl group, a triazolyl group, a
pyridyl-substituted lower alkyl group, an oxo-substituted pyridyl-lower alkyl
group, a di-lower alkylphenyl group, a morpholinophenyl group, a lower alkyl-
5  piperazinylcarbonylphenyl group, a hydroxy-lower alkyl group and a di-lower

alkylamino group, or a group of the foﬁnula: ;-CO-@ in which Ring (a) is
a substituted or unsubstituted 5- or 6-membered nitrogen-containing hetero-
monocyclic group, or a pharmaceutically acceptable salt thefeof.
7. A compound according to any one of claims 2, 3, 4, 5 and 6,
10 wherein Ring A is a benzene ring substituted by two or three groups selected
from a methoxy group, a cyclopentylﬁxy group, a nitro group, a hydroxy group,
a dimethylamino group and a chlorine atom, R! is a methyl group, a group

—~COR33 is a methoxycarbonyl group, an isopropyloxycarbonyl group ‘ora2-

methoxyethoxycarbonyl group, a group: ~COR43 is a carbamoyl group
15  optionally substituted by one group selected from a pyridylmethyl group, a2-
aminopyridyl group, a pyridyl group, a 1-oxopyridyl group, a 4-methyl-
piperaziny! group, a 4-methyl-4-oxopiperazinyl group, a 1-methylpiperidyl
group, a S-methylisoxazolyl group, a 3-pyrazolyl group, a 1,3,4-triézolyl group, a
1-oxopyridylmethyl group, a dimethylaminoethyl group, a hydroxyethyl group
20  and a dimethylamino group, or a pharmaceutically acceptable s;alt thereof.

8. A pyrrolidine derivative of the formula (2):

This Sheet FHas Been Replaced

[T




10

15

20

25

wosmesss | ] ) I WL RN CTarTOIONT
* c L M S * . :

97

THIS SHEET HAS BEEN
REPLACED

S [ I

wherein Ring A is a substituted or unsubstituted heterocyclic group, or a

1 .
R " C\ This Sheet Has Been Replac
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benzene ring which may optionally be substituted by a group selected from a
lower alkyl group, an alkoxy group, a nitro group, a hydroxy group, a
substituted or unsubstituted amino group and a halogen atom,

Ring B is a substituted or unsubstituted heterocyclic gi'oup, or a benzene
ring which may optionally be substituted by a group selected from a lower
alkoxy group, a lower alkylenedioxy group and a di-lower alkylamino group,

R1 and R2 are the same or different, and each are a hydrogen atom or a
lower alkyl group,

R3 is a hydrogen atom, a substituted or unsubstituted alkyl group, a

substituted or unsubstituted amino group, or a substituted or unsubstituted

- nitrogen-containing heterocyclic group,

provided that both Ring A and Ring B are not simultaneously an unsubstituted |
benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B
is a substituted or unsubstituted heterocyclic group, or at least one of R and R2
is a lower alky! group, or a pharmaceutically acceptable salt thereof.

0. A compound according to clajm' 8, wherein Ring A is a benzene
ring substituted by a group selected from an alkoxy group, é nitro group, a
hydroxy group, a di-lower alkylamino group and a halogen atom, Ring B is a

nitrogen-containing heteromonocyclic group, a benzene ring or a lower
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A

alkylenedioxy-substituted benzene =ting, or a pharmaceutically acceptable salt

. thereof.

10. A compound according to any.one of claims 8 and 9, wherein
Ring A is a benzene ring substituted by two or three groups selected from a
lower alkoxy group, a nitro group, a hydroxy group, a di-lower alkylamino
group and a halogen atom, Ring B is a pyridine ring, a benzene ring or a lower
alkylenedioxy-substituted benzene ring, R! is a lower alkyl group, R2is a
hydrogen atom, RS is a pyridyl-substituted lower alkyl group, a di-lower
alkylamino—lbwer alkyl group, a hydfoxy-lower alkyl group, a di-lower
alkylamino group, or a lower alkyl-substituted piperazinyl group, or a
pharmaceutically acceptable salt thereof. |

11. A compound according to any one of claims 8, 9 and 10, wherein
Ring A is a benzene ring substituted by two or three groups selected from a
methoxy group, a cyclopentyloxy group, a nitro group, a hydroxy group, a
dimethylamino group and a chlorine atom, R! is a methyl group, R3is a
hydrogen atom, a pyridylmethyl group, a dimethylaminoethyl group, a hydroxy-
ethyl group, a dimethylamino group, or a 4-methylpiperazinyl group, or a
pharmaceutical acceptable salt thereof.

12. A compound according to any one of claims 2, 3,4, 5,6and 7,
wherein the configuration based on the double bond binding to Ring B is
trans(E)-configuration, and the configuration based on the doixblc bond binding
to Ring A is cis(Z)-configuration, or a pharmaceutically acéeptable salt thereof.

13. A compound according to any one of claims 8,9, 10 and 11,
wherein the configuration based on the double bond binding to Ring B is

trans(E)-configuration, or a pharmaceutically acceptable salt thereof.
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14. A compound according to claim 2, which is a member selected
from (1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-[N-(4-
methylpiperazin-1-yl)aminocarbonyl]-4-phenylbutadiene,

(1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-[N-(4-

5 pyridyl)aminocarbonyl}-4-(3,4-methylenedioxyphenyl)butadiene,

(1Z,3E)-1-methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-{N-(4-
pyridylmethyl)aminocarbonyl}-4-phenylbutadiene, |

(1Z,3E)-1-methyl-1-(3-chloro-4,5-dimethoxyphenyl)-2-methoxycarbonyl-
3-[N-(3-pyridylmethyl)aminocarbonyl}-4-phenylbutadiene, and

10 | (IZ,SE)—I-methyl-l—(3-chloro-4,5-dimet_hoxyphenyl)—2-methoxycarbonyl—
3-aminocarbonyl—4-(4-pyridyl)i>utadiene, or a pharmaceutically acceptable salt
thereof. _ |

15.  (1Z,3E)-1-Methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-
[N-(4-methylpiperazin-1-yl)aminocarbonyl]-4-phenylbutadiene, or a

15  pharmaceutically acceptable salt thereof. |

16.  (1Z,3E)-1-Methyl-1-(3,5-dimethoxyphenyl)-2-methoxycarbonyl-3-
[N-(4-pyridyl)aminocarbonyl]-4—(3,4-niethylenedioxyphenyl)butadiene, ora
pharmaceutically acceptable salt thereof.

17. A compound according to claim 8, which is a member selected

20 from (32,4E)-3-(3,S—dimethoxy-a-methylbenzylidene)—4-ben_zy1idene-l -(4-
pyridylmethyl)pyrrolidine-2,5-dione,

(3Z,4E)-3-(3-chloro-4,5-dimethoxy-o-methylbenzylidene)-4-(4-pyridyl-
methylidene)pyrrolidine-2,5-dione,

(3Z 4E)-3-(3-methoxy-4-cyclopentyloxy-a-methylbenzylidene)-4-(4-



B T e, et L e

WO 97/36864 ”"I“cl |||||L| “l" "Ill " IIII PCT/IP97/01017
* M s * .
] .

THIS SHEET HAS BEEN
100 REPLACED

pyridyimethylidene)pyrrolidine-2,5-dione,
(3Z,4E)-3-(3-cyclopentyloxy-4-methoxy-a-methylbenzylidene)-4-(4-
pyridylmethylidene)pyrrolidine-2,5-dione, and
(3Z,4E)-3-(3,5-dimethoxy-o-methylbenzylidene)-4-(4-pyridyl-
5. methylidene)pymrolidine-2,5-dione, or a pharmaceutically acceptable salt thereof.

18. A process for preparing a butadiene derivative of the formula (1-a):

10 (1-a)

wherein Ring A is a substituted or unsubstituted heterocyclic group, or a
benzene ﬁng which may optionally be substituted by a group selected from a
lower alkyl group, an alkoxy gréup, a nitro group, a hydroxy group, a
1S  substituted or unsubstituted amino group and a halogen atom,
Ring B is a substituted or unsubstituted heterocyclic group, or a benzene
_ring which may optionally be substituted by a group selected from a lower
alkoxy group, a lower alkylenedioxy group and a' di-lower alkylamino group,
R! and R2 are the same or different; and each are a hydrogen atom or a

20 lower alkyl group,
one of a group: -COR32 and a group: -COR%2 is a carboxy! group, and

. the other is a carboxyl group which may optionally be esterified,
provided that both Ring A and Ring B are not simultaneously an unsubstituted

benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B
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is a substituted or unsubstituted heterocyclic group, or at least one of R! and R2

is a lower alkyl group, or a pharmaceutically acceptable salt thereof, which

comprises treating a diester compound of the formula (4):

4

wherein Ring A, Ring B, R! and R? are the same as defined above, and a group:

~COR3! and a group: -COR*! are the same or different and each are an

esterified carboxyl group, with an acid or a base, if necessary, followed by
converting the product into a pharmaceutically acceptable salt thereof.
19. A process for preparing an amidobutadiene derivative of the

formula (1-b):

(1-b)

wherein Ring A is a substituted or unsubstituted heterocyclic group, or a
benzene ring which may optionally be substituted by a group selected from a
lower alkyl group, an alkoxy group, a nitro group, a hydroxy group, a
substituted or unsubstituted amino group and a halogen atom,

Ring B is a substituted or unsubstituted heterocyclic group, or a benzene

—_
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ring which may optionally be substituted by a group selected from a lower
alkoxy group, a lower alkylenedioxy group and a di-lower alkylamino group,
R! and R? are the same or different, and each are a hydrogen atom or a
lower alkyl group,
one of a group: -COR33 and a group: —COR43 is an amidated carboxyl
group, and the other is a carboxyl group which may optionally be esterified or
an amidated carboxyl group,
| provided that both Ring A and Ring B are not simultaneously an unsubstituted
benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B
is a substituted or unsubstituted heterocyclic -group, or at least one of R! and R2
is a lower alkyl group, or a pharmaceutically acceptable salt thereof, whlch

comprises reactiﬁg a butadiene compound of the formula (1-a):

(1-a)

wherein Ring A, Ring B, R! and R2 are the same as defined above, one of a
group: —COR32 and a group: -COR42 is a carboxyl group, and the other is a
carboxyl group which may optionally be esterified, or a salt thereof, or a reactive

derivative thereof, with a compound of the formula (5):
H-R40 (&)

wherein R40 is a substituted or unsubstituted amino group, if necessary,
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followed by converting the product into a pharmaceutically acceptable salt
thereof.

20. A process for preparing a pyrrolidine derivative of the formula (2):

(2

wherein Ring A is a substituted or unsubstituted heterocyclic group, or a
10 benzene ring which may optionally be substituted by a group selected from a
lower alkyl group, an alkoxy group, a nitro group, a hydroxy group, 2
substituted or unsubstituted amino group and a halogen atom,
Ring B is a substituted or unsubstituted heterocyclic group, or a benzene
ring which may be optionally substituted by a group selected from a lowér
15  alkoxy group, a lower alkylenedioxy group and a di-lower alkylamino group,
R! and R? are the same or different, and each are a hydrogen atom or a
lower alkyl group,
R3 is a hydrogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted amino group, or a substituted or unsubstituted
20  nitrogen-containing heterocyclic group,
- provided that both Ring A and Ring B are not simultaneously an unsubstituted

benzene ring, and when Ring A is a tri-lower alkoxybenzene ring, then Ring B
is a substituted or unsubstituted heterocyclic group, or at least one of R! and R2

is a lower alkyl group, or a pharmaceutically acceptable salt thereof, which

25 comprises subjecting a compound of the formula (1-c):
This Sheet Has Been Reilaced
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(1<)

wherein Ring A, Ring B, R! and R2 are the same as defined above, one of a

group: ~COR34 and a group: -COR* is a carboxyl group which may optionally
be esterified, and the other is a carbamoyl group or a substituted or
unsubstituted alkyl§substitute_d carbamoyl group, a substituted or unsubstituted

10 amino-substituted carbamoy) group, or a substituted or unsubstituted nitrogen- |
containing heterocyclic group-#ubs'ti’tuted carbamoyl group, or a salt thereof, to
intramolecular cycli_zation reaction, if necessary, followed by converting the
product into a pharmaceutically acceptable salt thereof.

21. A process for preparing a pyrrolidine derivative of the formula (2-

{
RV
_

. e

- wherein Ring A is a substituted or unsubstituted heterocyclic group, or a

15 b):

N—R®! (2-b)

O—--O\ /T-'O

R2

benzene ring which may optionally be substituted by a group selected from a

lower alkyl group, an alkoxy group, a nitro grdup, a hydroxy group, a

25 substituted or unsubstituted amino group and a halogen atom,
This Sheet Has Been Replaced
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Ring B is a substituted or unsubstituted heterocyclic group, or a benzene
ring which may optionally be substituted by a group selected from a lower
alkoxy group, a lower alkylenedioxy group and a di-lower alkylamino group,

R1 and R? are the same or different, and each are a hydrogen atom or a
lower alkyl group,

R51 is a substituted or unsubstituted alkyl group, a substituted or
unsubstituted amino group, or a substituted or unsubstituted nitrogen-
containing heterocyclic group,
provided .tha_t both Ring A and Ring B are not simultaneously an unsubstituted
benzene ring, and when Ring A is a tri-lower alkqubcnzene ring, then Ring B
is a substituted or unsubstituted heterocyclic group, or at least one of R! and R2
is a lower alkyl group, or a pharmaceutically acceptable salt_ thefeof, which

comprises reacting a compound of the formula (2-a):

O
|
O

wherein Ring A, Ring B, R! and R2 are the same aé defined above, or a salt
thereof, with a compound of the formula (3):
R51-X 3

wherein R3! is the same as defined above, and X is a reactive residue, if

necessary, followed by converting the product into a phérmaceutically

acceptable salt thereof.
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